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Heſaurarium Mathematice: or the Treaſury of the Mathe- 
maticks. containing Variety of uſeful Practices in Arithme- 
„ G-ometry, Trigonometry, Aſtronomy, Geography, Navigation and 
urveying. as alſo the Menſuration of Board, Glas, Tiling, Paving, 
imber, Stone and Irregular Solids, . Likewiſe it teacheth the Art 

Gauging, Dialling, Fortification, Militarz-Orders and Gunnery; 
Xp'ains the L1:arithms, Sines, Tangents, and Secants ; Sheweth 
cir uſe in Arithmetich, &c. To which is annex'd a Table of 
boo Logarithms, L'g Sires and Log-Tangents, IIluſtrated with. 
veral Mathematical Sculptures on Copper-Plates. Originally 
o mpos'd by J. Tay lir, Gent. And now carefully Revis'd and Cor- 
Qed. To which is added, The Uſe and Practicè of ſeyeral Pro- 

tions and · Problems throughout the whole Work, as alſo the 
eſcription and Uſe of both Glotes, and ſome of the chieteſt Ma- 

matical Inſtruments both for Sea and Land. With many other 
dnſiderable Additions and Improvepents. By W. Alingbam, 

eacher of the Mathematichs, | 9 

Arithmetick ; Or the Ground of Arts, Teaching that Science 
oth in Whole Numbers and Fractions: To which is added a 
ex Treatiſe of Decima!s, Tables of Simple aud Compound In- 
reſt, Ce. By Edward Hatton, Philomercat. Price 5 s. 

The Elements of Fuclid Exp'ain'd, in a New, but moft Eaſie 
Feth:d : By that Exceilent Mathematician, F. C. F. Millit de 
bates, of the Society of 72/45, Now made Engliſh. Price 45. 

A New Method of Fortincatior : By Monfieur de Vauban, Eng i- 
er- General of France. Done into Engliſh, and Illuſtrated with 
Copper Plates. Price 6 s. \ 
The Gentleman Bicbionary, Explaining all the Terms relating 

the Riding and Manage of the Great Horſe the Military Art, 
tiller), &c, The Art of Navigation and Naval Affairs. Wri- 

n by the Sieur Gailer, and Dedicated to the Dauphin z; With 
rge Additions, Alterations and !mp;overnents, and above Forty 

ts that were not in the Original. Price 5+ 2. 

Recreations Mathematical and Phyſical ; - Laying down, and 
Iving many Profitable and Delightful Problems ot Arithmetick, 
*ometry, Optichs, Gnomonicks, Ceſmogranby, Mechanichs, Phzſicks, 
d Pyrotechny, By 4 dſieur Ozanam, Profeſſor of the Mathe- 


ticks at Paris, Done into Engliſh, a d Illuſtrated with very 
ny Cutts. 3 | . 


>. .. ' 1 
GNOMONICES. ! 

8 OK -- ; mM 
The Art of Shadows 2 


IMPROVED. _— 
Plainly ſet forth in the Drawing of a 


| SUN-DIALS 

FT : On all ſorts of 
IPLANES 
8 By Different Methods. 


: With the Geometrical Demon- 
| {trations of all the Operations. 


— x — ——j—ä— Bit Ro er © — — 


a. a + 


ah. © wid Mc ko — on 24 og „„ „ 


—— ꝛ—ðmlb . — — 


j 
b | By Mr. DELAHIRE of the Royal i 
b Academy of Sciences in PARIS. | 
by | - Engiibed and Illuſtrated with Cutts. 
th "Iv NE 8 . — | 
ty By F. LEE K, Math. { 
- as The Second Edition. { 


>| LONDON, Printed and are to be Sold by | 


Ty W. FREEMAN, at the Bible againſt the | 
| Arddle-Temple-Gate in Heciſtrect. 1709. | 


. 
2 


* 
* 
* 
* 
* 
10 * 
=; 
* 
* 
. 
* S A % #2 de 
MA. * A * 2 
, v oo * wt a > x! 
8 — 1 * 
[Rat - 20S; A 
f * &* 1 * * 8 
We, "- 4 in E 
4 * ki 2 7 
1 4 oC 1 wy 7% 
2 1 > * 9561 
} 9 « * 
F< *- q 8 * 
C %. 3 w — * * - 
r 
2 2 
Tz N 1 70 
WY 
* 
* 
* 
. =- 
e * 


THE 


PREFACE. 


Have always conſidered the De- 
ſcription of Fun- Dials as one of 
the moſt ingenious and uſeful In- 
entions derived from the Study of the 
at hemat ichs. Alſo there is nothing 
draws more Admiration from all 
, than to ſee Strait- lines drawn on 
Plane at Unequal Diſtances, to 
neaſure exactly the equal Diviſions of 
he time of the Continuance of a Day: 
nd altho the Sun appears in different 
laces of Heaven according to the diffe- 
nt Seaſons of the Year , yet the ſame 
trait-lines do ſtill determine the ſame 
our at all theſe different Seaſons. 
But theſe Hour- lines have nothing in 
em that deſerves to be conſidered, if 
e compare them to thoſe which trace 
ch the way which the Sun makes in. 
s Diſtances from the Equinodtial 
ine, whic!: gueſtionleſs have e 
ice to the more profound Medi. 
A 2 ation? 
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The Preface: 
tions of the Sef7:ons of a Cone; which 
at this day is the moſt conſiderable part 
of our Speculative Geometry. 

l might eaſily demonſtrate that we 
are beholding to un- Dials for the dif. 
covery of thoſe admirable Curve Lines 
whereof we find very great uſe in all 
parts of the Mathematicks ; for we 
cannot conſider the Shadow of the end 
of any body pointed on a Plane, with- 
out perceiving at the ſame time the 
Curvature which the way of the Sun 
traces forth; which is molt like to that 
bol the Section of an upright Cone which 
> hath a Circle parallel to the Equinocti 
4l for its Baſe, on which we may ſup- 
| Poſe the gun moves then when he 1 
makes that Shadow. 0 
Baut altho the Properties of theſe, 
Curve Lines ſerves as a Foundation for 
the moſt part of the Deſeriptions of D 
ale, yet in this Work I do not intend}, 
to explain any thing thereof in particu; 
Jar, for that would be to depart toc 
F uch from my Subject. Mane 
Seeing alſothat divers other know 
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The Preface: | 
thereof, it ſeems to me that it will be 
very uſeleſs to re- ſearch into the time of 
the moſt ancient Anriquity, and who 
was the Inventer of this Art: We may 

only believe very likely that it was per- 

tected by little and little, and that the 

firſt Men ſeeing the neceſſity which 

they had to divide the continuance of a 

day into divers parts, judged that it 

could not be better done than by the 

lame q un which limits the continuance 

thereof. | 

We may alſo be very eaſily perſwad- 

ed that the Meridian Line hath been 

the firſt which they have drawn, as 
well becauſe that it divides the apparent 
day, which is the time during which 

we may ſee the Sun, into two equal parts, 
and that the Shadow of a <trait-line 
raiſed perpendicularly upon an Hori- 

zontal Plane, was always extenled a- 
long this Meridian Line when the top of 
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it ſeemed to them one of the moſt con- 
ſiderable Phenomena's of the Sun. 
The moſt part of the Ancients d:vided 
the ſpace of time ( which is fromm the 
riſing to the going down of the Sun | 
into twelve equal parts, which they 
called Hours, and they began their Ac- 
count from Sun riſing ; and although 
the Hours changed their length during 
the half year to thoſe which did not 
Inhabit under the Eqninoctial Line, It 
where the apparent days are always e- 
qual to one another, therefore they t 
have always Mid-day at the Sixth Hour: 4 
t 
t 


24 — — 1 as. i EEE edt. 


but theſe forts of Hours have no Cir- 

cles of the Sphere that repreſent them, 

| The Baby/onians began the day at p 
the Sun Riſing , and divided the Dura - c; 
tion into 24 equal Hours: The Italians o 
began it at Sun Setting, and made al- te 
ſo their Hours equal: Theſe two man- 
ners of beginning the day have theſ p 
Horizon for their term; the firſt did al- 15 
ways know how long time they hadi ri 

from the Sun Riſing above the Horizon q 
and the others did always know thatſ th 
which remains to the Sun Setting. ad- 
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The Aſtronomers and the greateſt 
part of the Nations of Emepe begin 
their Day when the Sun comes to the 
Meridian, theſe laſt when the Sun comes 
to the Meridian under the Horizon ; 
and the firſt when the Sun comes to 
the Meridian above the Horizon ; 
this manner of beginning the day has 
great advantages beyond other. 

[ undertake in this Work only 
the Deſcription of the Aſtronomick 
Hours, which have for their Term 
the Meridian, and of the Tali- 
ans and Babylonians that begin from 
the Horizon. In the Conſtruction of 
thefe ſorts of Dials there are two 
principal Operations which we may 


conſider each in particular, which has 


obliged me to divide this Treatiſe in- 


to Two Parts. 


In rhe Firſt Part, after I have ex- 
plained as brief as I can, that which 
is neceflary to be known for the 
rght underſtanding of the Conſtru- 
tion of Sun Dials, in which I give 
the definition with that of all: its 
parts: I propoſe following divers 
EO „ Manners 
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Ihe Preface. 
Manners and Practices, to draw their 
principal Line, with the Points which 
are neceffary for the deſcription of 
the Hour Lines, to the intent that 
we may ſerve our ſelves with thoſe 
which are moſt fit in the different 
Rencontres of the Planes propoled. 
Each of theſe Practices have ad- 
vantages in particular Caſes; I ob- 
ſerve by which we may ſerve. our 
ſelves very near following the Expoſi- 
tion of the Plaue propoſed , to the 
intent that thoſe that have not ſuff6 
cient knowledge of rhe different Ren- 
contres of Plines with the Circles Iſe 
of the Sphere, may not give them: In 
ſelves the tronbie to follow a Method FP. 
from which they cannot draw a great 
advantrape. 7-5. 03 971-7 0 
In all theſe Practices which I pro- Im 
poſe, i make na uſe of the Magneti - it 
cal Needle, for there: happens great itt 
change to the Variation of the Magne-Jm 
tical Needle; beſides we are not aſſuredſin 
that there is no .lron hid, or ſome 
Stone or Brick wich is: of the Natureſſo 
of Iron, which may turn aſtde thafle 
177415 Needle 
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r ENecdle from its true Direction towards 
1 Iche place whither it would go if it 
f [were tree. 
t Alſo I approve not that Method 
e which many do practice to find the 
t Declination of a Plane, that is to ſay, 
the Angle which the Meridian Line 
1. Imakes on a Horizontal Plane with the 
bd Horizontal Line, wiuch is the meetin 
Ir lof the Plane ofthe Du with that Plane: 
ſi- they draw on a Plane ſet Parallel to 
ie Iche Horizon (the which we call a Le- 
Fi Jvel Plane) a Meridian Line following 
n- Jona of the Practices, which may be 
es ſeen hereatter ; and when the Sun 
m- marks Mid-day on that Horizontal 
plane, they mark a Point of Shadow 
on the propoſed Plane; but you muſt 
obſerve that the Errors that one com- 
ro-Jnits in all the Operations, as well in 
:ti-Jthe placing of the Plane level, as in 
eat ſthe determination, of the Meridian, are 
ne-Jmultiplied and increaſed in tranſport- 
redſ ing them to another Plaue. 
me For the ſame Reaſons. we; ought al- 


ureſ ſo to reject all ſorts of loftruments, un- 


thaſ eſs they be very plain and very large: 
edle There. 
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Therefore I have thought good to uſe 
only the Ruler and Compaſs, the 
Plomb Line and the Level, and to 
draw the Lines and Circles only upon 
the given Plane. | 

Altho we may determine the length 
of the Lines, and alſo the moſt part 
of the Angles by Calculation of Sphe. 

-rical and Strait-lin'd Triangles , which 
ſerves for the drawing of Dial: 
Yet I have thought good that | 
ought not to propoſe any (of thoſe}t! 
ways) in this ſmall Treatiſe , be. In 
cauſe that the moſt part of thoſe 
Calculations are much longer than 
the Practice, and they are founded but 
upon the ſame Angles, and the ſameſ! 

Lines which I have uſed in the Pra. th 

ice ; ſo that thoſe that can uſe Cal. I de 

culation , ſhall find no great diffi-ſth 

[ culty to apply them to Numbers andi bo 

1 Sines, where I only propoſe Lines Ci 

and Angles. la 

ö After | have taught to Draw theſ' 

Principal Line of Dzals, I proceed te 

| the Second Part, wherein 1 ſhew toſ! 

® | ones draw tic 
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Miraw the Aſtronomical Hour Lines, 
efland then to deſcribe the Parallels o 
offlthe Signs. 8 
nl propound no particular Conflry- 
gion on the Horizontal and Vertical 
b}£Pianes , which only gives particular 
ti es for each Caie, the which in 
e. Ie ordinary way happens very ſel- 
dom: Therefore the Methods that 1 
teach are tor all ſorts of Planes indiffe- 
rently conſidered. I know well that 
there are divers Caſes where we 
might find Abridgments, bur theſe 
Abridgments conſiſts only in certain 
Lines and Points which come to be 
united in the general Practices which 
mel! give: Alſo it is to be obſerved that 
ra. the Portions of Curve Lines that I 
al-J deſcribe, are always Conick Sections, 
if that is to ſay, either Ellipſes, Hyper- 
andl boles, or Paraboles, and ſometimes 
nes Circles, when the Plane is perpendicu- 
lar to the Axis of the Cone, the which 
thelis always an upright Cone. 
dtol The moſt part of the Practice that 
toll teach being founded on the Declina- 
raw tion of the Sun, I give you a Ta- 
= ble 
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ble thereof Calculated for the days | 
of Four Years following one ano. 
ther, to the end to comprehend the 
Biflextile or Leap Lear; I there al. 
10 add the Differences of the De. 
clinations for every day, with a Table 
of Latitudes of the Principal Cities 
ol the World. 
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Ha I. Fig: 1. Of the Circles of the $ * 
Ic — - be y hs wn for 14 beuug of 
ble Sun Dials. 0 
- "Chap. II. Of the definition of Sun Dials, andthe | 
100m principal parts which ſerve, for their Conſtru- E 

ion. 
Chap. III. Fig. 2. To mark the Point of Sha. 4 
dow. 7A 
Chap. IV. Todraw the Horizontal 7 A 2 
Ichap. V. Fig. 4. 7o Draw the Subſtylar Line, 
— | 7wo Points of Shadow being given in a cer- 
= Condition. 3 
To place the Center and draw the EquinoGlial. 3 
Line, the Declination of the Sun and one Na | 
of the Shadow being given. "4 
| ENChap. VI. Fig. 5. To place the Subſtylar 1 4 
the Equinoctial Line, and the Center of thee. 3 
Dial, and to determine the Poſition - the: _— 
Axis, | _ 

Two Points of Shadow, what you will being groom "4 $ 

— | with the Declination of the Sun at the Time: 

| Obſervation of the Points o Sado. 

Ichap. VII. Fig. 6. To place The Subſty oy Tae 9 5 
| the Center of the Dial and a ; 

one only Point of Shadow being 925 it: 3 

| the Declination of the Sun and er 

1 the Pole above donnie 
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Chap. VIII. Fig. 7, 8. To find the Center of thi 
Dial, the Subſtylar Line and the Equinoctia 
Line, one only Point of Shadow being given, 
and the ſhorteſt Shadow. | 
Chap. IX. Fig. . To find the Center of the Dial, o. 
and to draw the Subſtyle and Equino al. 
Two Points of Shadow bike given, with the De. 
clination of the Sun at the time when you, 
- marked the Points of Shadow. 
Chap. X. Fig. 10, 1 1. To find the Center of the Dial, Nin. 
and to draw the Subſtylar and Equinoctial I 
Lines. Two Points of Shadow, what you 
pleaſe being given , with the Declination of the 
Sun at the time of taking the Points of Sha- 
Chap. XI. Fig. 12, To find the Center of the 
Dial, and draw the Equinoctial Line, the 
Subſtylar being drawn , and one Point of Sha- I... 
_ being given, with the Declination of I, 
the Sun, : 
And to draw the Equinoctial Line, the Center of * 
the Dial being placed. = „„ 
And to find the Center of the Dial, the Equino- 
cal being drawn. | 
Chap. XII. Fig. 13. To draw the Equinoctial &,; 
and Subſtylar Lines, and tofind the Center of I, 
. the Dial. | 1 | 
Two Points of Shadow , what you pleaſe being % 
given, with the Declination of the Sun. ic 


Chap: N® 
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up. XIII. Fig. 14. To find the Points of the 

MW Hours of Six and of Mid- day upon the Equino- 

tial, and to draw the Meridian Line. 

11 — and Horixontal Lines being 
lac 

 ' p. XIV. Fig. 15. To draw the Meridian, 
and to. find the Point of the Line of Six Hours on 

W 8 ns Me _ 

VB only Point ow being given, the height 
of 4 Pole and the 8 of the 8 

ap. XV. Fig. 16. To draw the Meridian Line, 

Two Points of Shadow being given, in a certain 

condition, 

ap. XVI. Fig. 17. To place the Center of the 

Dial, or to det er mine the Inclination of the Axis 

with the Meridian, te draw the Subſtyler and 

Equinoctial, the Meridian being poſited, and the 

iltitude of the Pole being given. 

ap, XVII. Fig. 18. Remarks and Practices for 

many Abridgements in the Operations of the 

re- going Chapters. 


The Second Part. 


The Preface. 
be choice we ought to make of the Operations 
to draw the Subſt ylar, Equinoctial and Meridi- 
an Lines; and to place the Center of the Dial, 
ollowing the Expoſitions of the propoſed Super- 
cies. 
ap, I. Fig. 21. To Mark the Points of the Aſtro- 
mic or French Hours on the Equinoctial 
Line, 
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Tine, and by thoſe Points to dram the Hour Ty 
Chap. II. Fig. 22. To Mark upon the | Horis.o 
Line the Points of the Aſtronomick and Fr, 
Hours. Es 
And to draw the Hour Lines by thoſe Pointe. 
Chap: III. Fig. 2 3. Six Intervals of Hour, folly 
ing one another being given, to draw all | 
. 
Chap. IV. Fig. 24. To draw the Arches of the Si 
Chap. V. Fig. 25. The Equinoctial being gives 
draw a Parallel to it by a Point given upon 
Hour Line. Wh 
Chap. VI. Fig. 26. To draw the Italian and Bal 
lonian Hours upon an Horizontal Surface. 
Chap. VII. Fig. 28, 29. To draw the Italian 4 
Babiloman Hours on a Surface, which 1 u 
1 Horizontal. 
Chap. VIII. Fig. 28. Ts continue the Deſcription, 
| - the Italianand Babilenian Hours, when the P 
kk  rall or Equinottial it not un the Surface. 
Chap. IX. Fig. 30, 31. Four Affronomct: How 
Lines following one another being given, will 
the Equinoctial Line. 4 
Fi To find the other Hours. 
Chap. X. Fig. 3 2. A Drawn Dial being given,: 
1 find the foot of the Style 2vhich did ſerv to dra 
_ the Dial, and to determine the length thereo 
Chap. XI. Fig. 33, 34. To'place the Axis. 
Chap. XII. 2% Draw Refledt ing Dials. 
Chap. XIII. Of the Uſe o the Tatle of the Sun 
| Dieclimation, and of the Difference of Meri: 
5 ans ef divers conſiderable Towns in re ſpect 0 
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CHAP.-L 


SUN-DIALS. 


HE Sphbereis an Inſtrument whereby we 
explain the Daily Motion of the Caleſts- 
al Bodies, according as they appear to us 
to move always from Eaſt to , and 


io the proper Mofton of the S %n, which moves 
e fram 


: 


IPLANES. 


Of tbe Circles of the Sphere weceſſury 
to be known for the Drawing of 


— 


21 
from Weſt toward the Eaſt, and makes his Rewolu- 
tion thro the Twelve Celeſtial Signs in the ſpace of 
one year. | 
This Inſtrument is compoſed of divers Circles, 
ofwhich we only deſcribe thoſe that belong to our 
preſent Subject: Thoſe Circles whoſe Planes paſs 
thro the Center of the Earth, are called Great Cir. 
cles of the Sphere, and all the other are Leſs, | 

Bur before we ſpeak of theſe Circles, we ought 
to. conſider the Ax of the Sphere, which we con- 
celve to be as a ſtrait line about which the Inſtru- 
ment is turned. The two Ends of the Ax# are 
called Poles , the one North and the other 
South. : 

The Earth is placed in the middle of this In- 
ſtrument, and conſequently the Ax paſles thro 
the Center thereof. We may underſtand. from 
Aſtronomical Obſervations that the Globe of the 
Earth is ſo little, in reſpect to its diſtance from 
the Sun, ſo that we may conſider it as a Point, if 
we compare it to that diſtance. 

The Equinoctial or Equator is a Great Circle, 
and one of the chiefelt of the Sphere , the Plane 
whereof is at Right-angles to the Axw, it divides 


— 
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in 265 days and near 6 hours. The Inclinatio n | 
of this Circle to the Equinoctial, cauſes the diffe- 4 
rent Declinations of the Sun in regard to the Equi- 4 
noctial; it is divided into Twelve equal parts, 
which are called Signs: And we begin from the 
Interſection thereof with the Equinoctial, procee d- 
ing towards the North. The Names of the 
Twelve Signs are Aries, Taurus, Gemini, Can- 
cer, Leo, Virgo, Libra, Scorpis. Sagittarius, 
Capricorn, Aquarizs, Piſces. Their Characters 
we Y', os I, O, M, Nr, , I 7, V, 
, N. 
The Trepicks are two Circles parallel to the 
Equinoctial, which touches the Ecliprick in the 
point of its greateſt diſtance trom the Equmet7al ; 1 
therefore theſe Circles are diſtant from the Equi- 
ial 2.2 deg. 30 min. on one fide toward the 
North, and on the other {ide toward the Scuth. i 
So that it is manifeſt , That when the Sun is in i 
te common Interſection of the Ecliptick and E- 
quator , the Motion of the Sphere about its Axæ, 
„Ihich goes from Eaff to Weſt, and is called the 0 
„Motion of the Primum Mobile, makes him ar- 
Pear to us in the Equinoctial; and alſo when he is 
Inn his greateſt diſtance from the Equinoctial, the lf 
ſme Motion of the Primum Mobile makes him to | 
2 Meppear to us to move in the Tropicks. Re i 
je The Zenitb is an imaginary Point in the Sphere, [ 
in Marked by a ſtrait Line coming from the Center | 
-f the Earth, and paſſing by ſome place of the 4 
n Nuperficies thereof. This Line is called the Ferti- 
in L142 of that place. B 2 The \| 


[4] 

The Horizon is a Great Circle, whoſe Plane 
cuts the Vertical Line at Right-angles. The 
Horizon of a Place diſtinguiſhes the viſible part of 
Heaven of that Place, from that part of Heaven 
which is not there ſeen. | 

The Meridian is a Great Circle which paſſe; 
thro the Poles and Zenith, the Plane it ber"! 13 
at Right-angles with the Planes of the Equinocl ia 
and Hor:2cy., When the Sun comes to this Cir- 
cle, he is in the middle of his apparent Courſe du- 
ring a day, and is at his greateſt height above the 
Horizon, becauſe this Circle paſles thro the Zi- 
2ith and Poles. 

It we ſuppoſe the Equinoctial to be divided in- 
to 24 equal parts, beginning from the Meridian, 
the 6th and 1 Sth part ſhall fall on the Iaterſe&i 
ons of the as and Equinoctial, becauſe the 
Meridian and Heriz,on are at Right-angles to one 
another; and it we imagine other Circles like the 
Meridian , that is to ſay, that paſs thro the Potes 
of the I/orld and Point of Diviſion of the Equi- 
noctial, thoſe Circles which we call Meriliaus, 
mall be the Hour Circles, among which is the Me. 
ridian of the Place, whereof all the Planes inter- 
ſect one another in the Ax. We may alſo con- 
cave others, which divide each part into two or 
tour, to mark the half-hours and quarter-hours; 
for it we ſuppoſe theſe Circles to be fix d, then 
when the Primum Mobile turns the Sun wack his 
E-lintickabout the Axis, the time of his apparent 
Courſe ſhall be: divided into hours, halves, and 
quarters, & "5 7; 0 fc ce Aferidians. 0 


AS 
Alſo we number the Declination of the Sun up- 
on the like Meridians, which do all interſect the 
Equinoctial at Right Angles , which we make to 
pass thro the Center of the Sun in the Ecliprick : 
we number this Declination from the Equinoctial 
towards the Poles: Therefore it 1s either South or 
North: The Angles of Declination are meaſured by 

Arcbes of Circles. 

Thoſe Circles that paſs by the Vertical Line 
are called Vertical Circles (or Azimuth) and their 
Planes are perpendicular to the Plane of the Ho- 
don; they ſerve to meaſure the height of the 
den above the Horizon, which is numbred trom 
the Horizon toward the Z enith; 

It is manifeſt from that which has been ſaid be- 
fore, that there are infinite Horizons and Meridians, 
and that there are only theſe two great Circles, 
which may change according to the difſerent 
places on the Earth, for they are eſtabliſhed by 
the Vertical Line. 

The Amplitude of Riſing or Setting 1s counted 
on the Horizon, begining from the Points where 
the EquinoGral cuts the Horizon, and is numbred 
toward the South or North. 

It we conceive that in the Revolution of one 
ay the Horizon moves, As being faſtened to the 

Axis, ſo as it cannot change Its. Inclination, then 

When it ſhall paſs by the 24 equal Diviſions of the 
hi E1:inottial, it ſhall repreſent the 24 Circles ot the 
balien or Babylonian an of 
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CHAP. It. 


- Of the Definition of Sun-Dials, and 
of the principal parts which ſer ves 
for their Conſtruttion. 


He Diſtance ftom the Center of the Earth to 

the Swperficies thereof not being conſidera- 

ble, in reſpeR of the Diftance ot the Earth from 

the Sun, we may take any Point on the Superficies 

and conſid er it as its Center in relation to the Mo- 
tion of the Sun. 

Therefore if we place a Style which is a Pointed 
Rod upon any Plain Surface, and then conſider 
the Point of that Style as the Center of the Earth, 
the Interſections of that Surface with the Planes of 
the Hour Circles, of the HDuiuoctial or Equator, 
of the Horizon and of the other great Circles, ſhall 
be ſtrait Lines, which retain the Names of the 
Planes of the Circles from whence they were pro- 
duced : All theſe Lineswvn that Plane Surface with 
the Style makes a S- Dial. 

The Shadow of the Point of the Style, which 
is one of the Points of the Axi ſhews the Hours. 

And if the Ax which paſſes by the Point of 
that Style meets with the Plane of the Dial in 
any Poim, that Point is called the Center of = 

| 2 Dia]; 
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Dial; for it is evident that all the Hour Lines 
ſhall meet in that Point. 8 

lt is alſo evident that the Shadow of the top of 
the Style gives the Hours , and ſhews when the 
Sun meets with any one of the Circles of the 
Sphere; for when the Sun comes to a great Cir- 
cle, the Shadow of the Ax# is extended in the 
Plane of that Circle, if that Circle paſſes by the 
Aru; and if it paſſes not by the Ax, the ſha- 
dow of the Point of the Style ſhall be in the Plane 
of that Circle; for the Planes of great Ciroles 
pals by the Point of the Style. 

And if we conceive a Conical Superſicies which 
has for its Baſe a leſs Circle of the Sphere, and 
tor its Vertex the Point of the Style, that Conical 
Super ſicies ſhall meet the Surface ef the Dial in a 
Carve Line; ſo as when the Center of the Sun 
ſhall touch that leſs Circle which is the Baſe of 
the Conical Superficies , the Shadow of the Point 
of the Style ſhall touch the Curve Line which is 
the meeting of that Carve Superficies with the 
Plane of the Dial: for the Point of the Style is on 
that Superficies whereef it is the Vertex. 

The Foot of the Style is that Point on the 
Plane of the Dial, which is the meeting of a 
[trait Line drawn perpendicularly to that Plane, 
ind which paſſes by the Point of the Style. 

If the Plane of the Dial be conſidered as the 
Plane of the Horizon of any place, the ſtrait Line 
that pafſes by the Point of the Style and by its 
Foot, ſhall be the Vertical Line of that Place: 
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and the Plane that paſſes by that Vertical and by 
the Axis, ſhall be the proper Meridian of that 
Place, conſidered as the Horizontal of a Place. 

The meeting of the Meridian and Surface of 
the Dial is called the Subſtylar Line, or the Me- 
ridian of the Plane or Surface of the Dial, which 
we ought to diſtinguiſh from the Meridian of 
the Place, which is the meeting of the Meridian 

roper to that Place and of the Surface of the IF. 
Dial, at leaſt if they be not coincident , which 
happens when the Dial does not decline from the IP- 
Eaſt or Weſt, © ve 

We ſee by the poſition of theſe Lines that I ve 
the Suvſtylar Line is always at Right Angles with Ni 
the RKquinodial Line. 

We ought to make the Dial ſo as the Foot of 
the Style be not incumbred , for that Point ſerves 
for many Operations; theretore the Style mult be 
planted a little obliquely upon the Surface. 

I underſtand by the length or height of the 
Style the ſtrait Line drawn from the Point to the 
ſoot thereof. 

The Arches of the Signs on the Surface of the 
Dial, are the Deſcriptions of the Parallels tothe 
Equinoclial, which paſs thro the 12 equal Diviſi- 
ons af the Ecliptick Line, which ſhew the begin- 
ning ot the Signs, 


\ 
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CHAP. III. 
To Mark ihe Points of Shadow. 


Fig. 2. He Practices which are taught in this 

L Treatiſe, being founded on the 
Prints of Shadow of the Point of the Style to be 
very ſmall, it is very neceſſary to mark them 
yery exactly; but it is very difficult becauſe of 
the Pcnumyra ; See here two ways by which it 
may be done, 

The fiſt is to fit a ſmall round Plate to the 
Point of the Style, which may be parallel to the 
Plane of the Dial, wherect the Center may be 
joyned to the Point of the Style; then having 
drawn the Shadow of the ſaid Plate onthe Plane 
of the Dial, take the middle of that Sbadcw, 
which ſhall be the Shadow of the end of the 
Style at the fame time when we obſerved the 
Shadow of the Plate. 

The Second way is to make a ſmall round 
hole in a little piece of Paſt-board or thin Plate, 
or other like body, and having applieait to the 
end of the Style, ſo as the Center of the Hole 
may be joined to the Point of the Sie, and that 
the ſmall Plate may regard the Sun perpendicu- 
larly ; the light of the Sun ſhining ws Ol 

Ole 
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Hole ſhall mark a clear Circle or Oval D E in the 
Shadow of the Plate on the Plane of the Dial, 
which we draw on the ſaid Plane; and if it be an O- 
val, having drawn a ſtrait Line DPE from the Point © 
P, which is the foot of the Style, whereot $ i 
the Point, which may paſs thro the Center of that 
Oval and cut it in D and E, or draw DG and 
EF parallel to one another, and making any 
Angle with DE, DG being made equal to DS, 
and EF equal to ES, the Line G F ſhall cut 
DE in the Point A, which ſhall be the Shadow 

of the Point of the Style S, at that time when / 
the Oval was drawn : But we may take the Center 
of the Oval for the Point A, withour falling in. 
to any ſenſible Error, as we may ſee by this O- 


Peration. 
But if the Shadow be a Circle, the Center of 


that Circle ſhall be the Shadow of he Point of 
the Style. 

Here Note, That we ought tone the Hole 
as ſmall as is poſſible, for ſo the O 2ror19n ſhall. 
be more exact. Iris ſufficient tha c may ſee 
diſtinctly the Figure of the Light in the Shadow 
of the ſmall Plate. 


CHAP. IV. 


To Draw the Horizontal Line. 


Style the Point whereof is S, being planted 

upon the Plane of the Dial, we apply a 
Rule AS, ſo as one of the Edges thereof AS 
may be level , touching the Point of the Style, 
and that the end of that Edge of the Ruler may 
touch the Plane of the Dial at the Point A, 
which ſhall be one of the Points of the Horizontal 
Line, 

By the Point A draw a level Line on the Plane 
of the Dial, which ſhall be the Horizontal 
Line. 0 

There are ſo many ways to ſet a Ruler level, 
that I will preſcribe none in particular. 
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CHAP. V. 


To find the subſtylar Line, t 
Points of Shadow 61277 £ivin 28 a 
certain condition. 

To fnd the Center and draw the Equi. 

- noQtal Line, the Declinatiou 
the Sun, aud one Trat of Shadow 
beung given. = A 


Fg. 4. J Et there be a Style, the Point ebf i 
8, and P the Foot „having marked the 

Point A, which ler be the Shadow of the Point 
8, on the Plane of the Dial; onthe Point P ag 
a S and at the Diſtance p A, deſcribe the 
Circle A B., and when the thadow of the Point 
S comes again to the Circle A B on the ſame day, 
at the Point B we mark that Point. Then draw 
the Line AB, and divide it into two equal parts 
in D, the frait Line PD, ſhall be the Sub/z;lar 
Line, which ought to be at Right Angles to the 
Line AB. We may take divers | Points, as A, for 
to find divers Points as B, and if the Operation 
be made exact, all the Points as D, ought to be 
in one and the ſame ſtrait Line with the Point P. 
If the Suns Declination has changed conlidera- 
bly in the time which has paſſed between the 
x Obſervations of the Points of Shadow A and 
B; which may fall out when the Sun is near 
the EquinoGial Points, or when the Style P _ 
| ; 
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ry high; or laſtly, when there has paſſed much 


me between the Obſervations, we ſhall not 
L ve the Subſtylar Line exactlyn 


TheDemonſration of the former Prafe. 


Suppoling the Declination of the Sum not to be 
1anged between the two Obſervations of the 
doints of Shadow A and B; by conſtruction the 
wo Triangles AP 8, BP 8, are equal and alike; 
herefore the Angle PS A is equal to the Angle 
PSB; the Sun therefore was equally elevated a- 
ove the Plane of the Dial, then when the two 
Points of Shadow were obſerved. Therefore 
the Sun was equally diſtant from the Meridian of 
that Plane at the times of the two Obſervations : 
Therefore the Line PD, which divides the Line 
or Arch AB into two equal parts,fhall be the Meri- 
{ia of the Plane. 


To find the Center of the Dial, and to draw. 
the Equinoctial Line, Knoving the place where 
the Shadow of the Point of the Style cuts the 
Subſtylar Line. 


If between the Points of Shadow A and B, we 
mark a Succeſſion of Points of Shadow , ſo that 
we may have the Point L where the Shadow of 
the Point of the Style meets with the Subſtylar 
Line between the Obſervations, having erected 
PF perpendicular to the Subfylar Line, aud 
equal to the height of the Style PS, let the ſtrait 
Line FL be drawn, and having made the Angle 
LFE cqual to the Declination of the Sun at 

that 
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that time when the Point ot Shadow L did me: 
with the|Subſtylar Line, fo as the Point E, « 
the meeting of the ſfrair Line F E with the SI 
ftylar Line, may be always towards the Convt 
part of the Curvature of the Line ALB, thy 
Point E ſhall be the Point where the Equinottiy 
Line E G cuts the Subſtylar Line; which Ling 
ſhall interſect one another at Right Angles. 

Then having drawn F C perpendicular toFF, 
the ſtrait Line F C determines the poſition of the 
Axt with the Subſtylar Line; and if it meets with 
it in the Point C, that Point ſhall be the Cente 
of the Dial, and the Line FC ſhall be the Ang|, 
of Inclination of the Axis with the Subylar Ling, 
which ſerves to place the Axis, and to find the 
other neceſſary Points for the Conſtructton of the 
Dial. 

It is not neceſſary that the Point of Shadow I. 
ſhould be taken on the ſame day when we ob- 
ſerved the other Points A and B, it is ſufficient 
that we have the Declination of the San then 
when we make Obſervation ot the Point L, and 
on which ſide the convexity of the Trat of the 
Shadow {hall be on that day, to find the Point E. 


Demonſtration. 


The Demonſtration of this Operation is manifeſt, 

if we conſider that we have made the Angle LF E, 
and that the Line FC ought to be extended in 
the Plane of the Meridian, which is . 
ar 


„ 
o the Plane of the Dial, and that the meeting 


he Line DP Gand the Point F, ought to be 
joyned inthe Pointof the Style 8. 


ber way geb sabe oli Line by th 
Amplitude of the Suns Riſing and Setting upon 


the Plane of rhe Dial. 


Vhen the Sun begins to riſe on the Plane of 
, Dial, mark the Shadow of a Small Thread ex- 
ded from the Foot of the Style to its Point, and 
\ alſo the ſame when the Sun ſets on the Plane 
the Dial, the Angle comprehended between 
ſe two Lines of Shadow, whoſe Vertex is at 
e Foot of the Style, being divided into two e- 
wal parts, ſhall give the Subſtylar Line. 

Thisis manifelt , for that Angle is the Sum of 
e Ortive and Occaſive Amplitudes of the fame 
iy , Which we ſuppoſe to be equal. 

The Subſtylar Line being placed, we may find 
he Center of the Dial by the Practice of the 11th 
later, uſing only one Point of Shadow, and 
nowing the Declination of the Sun at the Hour 
yhere the Point of Shadow has been marked; 
nd if the Dial have no Center, we may have the 
Irclination of the Axi with the Subſtylar Line; 
which ſhall ſerve inſtead of the Center for the pla- 
eing of Hours: Alſe by the ſame Practice we may 
lare the poſition of the Equinoctial Line. 
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To place the Subſtylar 2:4 Equinod 
al Lines, and the Center of | 
Dial, aud to determme ihe poſitii 
of the Axis, 

Any Two Points of Shadow bein 
given, with the Declination of th 
Sun at the time of Od ſer vation 
the Points of Shadow. 


Fig. 5. AY being placed on the Plane of th 
| Dial, whereof the Point may be Sand? 
the Foot, and any two Points of Shadow A and} 
taken at pleaſure. 
Upon ſome certain Plane having made the 
Anglo d ſa equal to the Sum or Difference of: 
Right Angle, and that of the Declination of the 
Sun on that day on the which the Points of Sha. 
dow were mark'd, according as the Declination 
is North or South; for you would have a Point of 
the Subſtylar Line as Qyhich may anſwer to 
Point of the Axis, which may be more North 
than the Point of the Style, you muſt make the 
Angle d ſa equal to the Sum of a Right Angle and 
Angle of the Declination of the Sun, if the De- 
clination be North, but equal to the Difference 
of a Right Angle and Angle of the Declination ifit 
be South. Having 


| 
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Tale ſd of any length, and make ſa and / b 
equal ro the Ira SA, SB, from the Point 
of the Style tothe Points of the Shadow; from the 
Point A as a Center at the diſtance ad , deſcribe 
Two Arches of Circles at T and L, and from the 
Point B, at the diſtance of the Line bd inter ſect te 
former Arebes at the Points L and I , then drac 
the frait Lines L T and A B, which ſhall interſect 
one another at Right Angles in the Point O; and 
from the Point O as a Center, at the.diſtance LO or 
OT, 8 are equal, deſcribe the das 
LD 

Then draw the ſtrait Line p GK parallel to 
A B, interſecting L T in the Point G, and make 
G K equal to PS the height of the Sty le: and from 
the Point P, as a Center, at the Jiftance of the Lire 
d. deſcribe the Arch I, cutting the ſtrait Line 
LT inthe Point l. 

And from the Point K as a Citi: 1 at the 
the diſtance G! Jeſeribe the Arch D R, cutting the Se- 
micircle L. 3 in the Point D: Then tothe Line 
LT , let fall the perpendicular DQ and draw 
the ſtrait LineQP, which ſhall be ine Subſty- 
lar Line. I 

If the Point Qualle too near to the Point P, We | 
| may take d greater, and begin the work again 


orth WW to determine the Subſtylar Line more exactly. 

the It the Declination of the Sun be conſiderably 
and Wl changed between the - Obſervations of the Points 
De- of Shadorw, be it that the Obſervations be made 


on the lame dav or on different days, , the An 7 
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Ja B d ſb miſt be made according to the dif- 
ferent Declinatious at the times of Obſer vat ion, and 
the Angie df a being made as has been taught 
before for the time of the Obſervation, of the Point 
of Shadow A, make ſa equal to SA; alſo the 
Angled [6 being made for the Obſervation of the 
Paint of Shadew B, make { b equal to S B. | 
Then from the Points P and (QQ of the Subſty- 
lar Line raiſe the Perpendiculars Þ N equal to the 
height of the S ye P S, and QM equal to O; 
then if the traut Line MN being drawa meet 
with the Sub/?ylar Line in C, the Point C ſhall be 
the Center of the Dial, and the Line NE per- 
pendicular to NM, meeting with the S«bſtylar 
Line; the Line ME being drawn perpendicular to 
the Sabęylar Line paſſing thro the Point E, ſhall be 
the Equinoctial Line of the Dial. | 
| We may obſerve that the Point D ought to 
be on the fide with the Semicircle TLG, which 
1s cut by the Line P GK, and which anſwers to 
the Point M of the Axa, which is ſuppoſed to 
be more toward the North than the Point S; the 
Point D may indifferently meet with the Circle on 
cither ſide of the ffrait Line T IL. 

Alſo, We may obſerve that if the ſtrait Line 
LT paſſes by the Point P, that Line ſhall be the 
Subſeylar Line, and it ſhall always paſs by the 
Point P, if the Points of Shadow A and B are 
Points ot the Equinoctial Line. 


De- 


Demonſtration. 


It is clear by this Conſtruct ion that the Line f d 
repreſents the Axis, and ſa and ſ b the Lines of the 
Shadow from the Point of the Style, which make 
with the Axis ſd an Angle equal to the. Sum or 
Difference of a Right Angle and Angle of the De- 
clination of the Sun, according to that hich hath 
len preſcribed in the Practice: Therefore if we con- 


Shadow A and B, and their Points ſ joyned toge- 
ther with the Point S of the Style, if the Points d 
if each of theſe Triangles are alſo joyned together, 
% to Triangles in this Poſition compoſe a Py- 
mid ABS d whereof the Line S d the Axis of 
the Dial. 1 85 


which may anſwer perpendicularly to the Point 
d, as P anſwers to the Point 8, we muſs 
conſider in the Pyramide the Triangle ABD 
tomove upon the Line AB, ſo as it 1s ma. 
nfeſ# that the Point d deſcribes a Circle jor? as 1 
ILD, ona Plane which 7s perpendicular to the 
Plane of rhe Dial; and the Interſection of thoſe two 
Planes is the ſtrait Line TI, which ougòt to cut 
toe Line A B, which conjoyns the Points of Shadow 
Aand Bin the Point O, and OT, OL ſhall be 
equal : There remains nothing more but to mark 
the Point d or D upon th: Circle LD couch'd on 
ihe Plane of the Dial. 1 The 


ceirve that the two Triangles aſd, bſd, each a- 


art have their Points a and b in the Points of 


But to find on the Plane of the Dial a Point 
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fa ,4ſb miſt be made according to the dif- 


ferent Declizations at the times of Obſer vat ion, and 
the Angle dſa being made as has been taught 
before for the time of the Obſervation, of the Point 
of Shadow A, make ſ equal to SA; allo the 
Angled /b being made for the Obſervation of the 
Paint of Shadew B, make ſ b equal to 8 B. 
Then from the Points P and ( of the Subſty- 
lar Line raiſe the Perpendiculars Þ N equal to the 
height of the Sty/z PS, and QM equal to Q; 
then if the ffrait Line MN being drawa meet 
with the Sub/?ylar Line in C, the Point C ſhall be 
the Center of the Dial, and the Line N E per- 
pendicular to NM, meeting with the S«bſtylar 
Line; the Line ME being drawn perpendicular to 
the Su5zlar Line pailing thro the Point E, ſhall be 
the Equinoctial Line of the Dial. 
We may obſerve that the Point D ought to 


be on the fide with the Semicircle TLG, which 


is cut by the Line P GK, and which anſwers to 
the Point M of the Axu, which is ſuppoſed to 
be more toward the North than the Point S ; the 
Point D may indifferently meet with the Circle on 
either ſide of the ſfrait Line T L. 

Alſo, We may obſerve that if the ſtrait Line 
LT paſſes by the Point P, that Line ſhall be the 
Subſylar Line, and it ſhall always paſs by the 
Point P, it the Points of Shadow A and B are 
Peiuts ot the Equinoctial Line. 


De- 
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Demonſtration. 


It is clear by this Conſtruct ion that the Line ſ d 
repreſents the Axis, and ſa and ſ b the Lines of the 
Shadow from the Point of the Style, which make 
with the Axis ſd an Angle equal to the. Sum or 
Difference of a Right Angle and Angle of the De- 
clination of the Sun, according to that which hath 
ven preſcribed in the Practice: Therefore if we con- 


ceive that the two Triangles aſd, bſd, each a- 


art hade their Points a and b in the Points of 
Shadow A and B, and their Points ſ ſoyned toge- 

ther with the Point S of the Style, if. the Points d 

of each of theſe Triangles are alſo joyned together, 
theſe rwo Triangles in this Poſition compoſe a Py- 

ramid ABS d whereof the Line S d «the Axis of 
the Dial. | 


But to find on the Plane of the Dial a Point 


which may anſwer perpendicularly to the Point 
d, as Panſwers to the Point S, we muſs 
conſider in the Pyramide the Triangle ABD 
to move upon the Line AB , ſo as it 3s ma. 
nifeſt that the Point d deſcribes a- Circle "ay as 1 
ILD, ona Plane which , perpendicular to the 
Plane of rhe Dial; and the Interſe&1on of thoſe two 
Planes 18 the ſtrait Line T'L, which ought to cut 
te Line A B, which conjoyns the Points of Shadow 
Aand Bin the Point O, and OT, OL ſhall be 
equal : There remains nothing more but to mark 
the Point d or Dupon th: Cir:le LDT couch*d on 
the Plane of the Dial. N The 


The Plane of the Circle LD being perpendicu- 
lar to the Plane of the Dial, if 2ve concerve that 
the ſtrait Line ſ d moves. upon its extreme, ſ be. 
ing immovable, and put upon the Point of the Style 
S, and that the other extrem thereof d, may be 
always in its moving upon the Plane of the Circle 
LD, it « evident that that extream d ſhall de- 
ſeribe à Circle RD upon that Plane which ſhall 
have for its Center the Pcint K where the Line S R 
drawn from the Point of the Style & perpendicularly 
ro tbe Plane L DT, meets with the ſame Plane, the 
which Line & K ſhall be equal to PG: but the Se. 
mdiameter of the Circle R D ſhall be equal to G1 
if PI be made equal to ſd; but the interſection of 
the Circle L D T with the Circle RD, which i the 
Point D determines the rm of the Point d of the 
Axis. So as D conſidered as perpendicular te the 
Plane of the Dial, coming from the Point d or D, 
does there mark the Point A, which « one of the 
Points of the Subſtylar Line, ſceing that the Point 
d owe of the Point of the Axis. 

It is alſo evident that the Plane N MCP being 
ſuppoſed to be perpendicular to the Plane of the Dial, 


the Line N M abes there repreſent the Axis in its 


poſition , the Point Cthe Center of the Dial, and 
conſcquently the Line VE NM fhall be the Equi- 
noctial. 


An 


BI. 


| Another Practice upon the ſame Pofitions and 
Conſt r uct i ions. 


The ſame Preparations being made as before, 
take two ſmall Rods of any firm Matter, as of 
Wood of a ſufficient thickneſs, or of Iron: and 
make them pointed at the ende, and equal in length 
to the ſtrait Lines ad, bd; it is not material 
whether they be ſtrait or crooked „if the Di- 
ſtandes between their Points be equal to 4 d and 
bd. 

Put one of the Points of that Rod which is equal 
to a don the Point of ShadowA ,and one of the Points 
of che other Rad to the Point of Shadow B, and 
joyn. them together by their other Points; but ſo as 
the Points that are joyned together may approach 
or fall back from "the Point of the Style without 
altering the other Points of the Rods, which are 
ſet on the Poznts of Shadow A and B; then we 
take with the Compaſſes or otherwiſe, the di- 
ſtance between the Points a and d, and ſet that 
diſtance between the Point of the "Style and the 
Points of the Rods that are joyned together , ſo 
25 that Point, as it may be more toward the North 
than the Point of the Style: by this means the 
common Point of the Rods being fixt ſhall be one 
of the Points of the Axis which ought to paſs 
by the Point of the Style, therefore the ſituation 
of the Ax ſhall be determined. 


C3 By 


Py 
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By this common Point of the Rods fo ſixt, which 
I call D, having drawn a Line perpendicular to 
the Plane of the Dial, which ſhall meet it in the 
Point , the Line PQ ſhall be the Subſtylar 
Lane. - ... 
The Point C on the Plane of the Dial where 
it is met by the Line D S, drawn by the Point of 
the Style &, and by the end of the Rod D, ſhall 
be the Center of the Dial, and by the Pracl ice 
of the 11th Chapter we may draw the Equinocti. 
al Line: but if we have not the Center, we may 
draw it by the Practice of the ſame Chapter. 
Ibu Practice may ſerve to make you underſtand 
more eaſily the Demonſtration of the Conſtruction 
which x propoſed in that Chapter. 1 | 


CHAP. 


—— 
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CHAP. VII. 


To place the Subſty lar Line, the Cen- 
ter of the Dial and ihe Equinoctial 
Line. 

One only Point of Shadow berng given, 
with the Declinition of ihe Sun and 

| height of the. Pole above ihe Ho- 
rizon. 


Fig. 6. H g placed a Style upon the Plane 


of the Dial, whoſe Point may be 8, 


and P the foot, and A one Point of Shadow, draw 
a Horizontal Line by the Practice of the 4th Chap- 
ter. And by the Point P draw the Lines BPH 
perpendicular to the Horizontal Line h H, and 


P Z parallel to H y and equal to the Height of the 


Style PS. Then from thePoint H, where PH meets 
with the Horizontal Line, draw HZ and Z B 
perpendicular to Z H, which ſhall meet with 
HP at the Point B if the Horizontal Line paſſes 
not thro the Point P: Firſt let it meet at the 
point B. : 
Upon ſome Plane make the Angle d | a equal 
to the Sum or Difference of a Right Angle, and 


C 4 of 


= 
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of the Declination of the Sam at the time when 
the Point ot Shadow was obſerved, according 
10 the Precepts which have been given in the 
6:b Chapter , and make the Angle 7 ſ h equal to 

the Sum of a Right Angle and the height of the 
Pole above the Horizon. © * + 

Then taking the Point d at pleaſure on the 
Line / d, make ſbequalto L Band ſa equal to 
the length of the Shadow from the Point of the 
Sryle S to the Point of Shadow A, and draw the 

11 an Lines a d, bd. 

And by the Points A and B draw the flrait Line 
AB, aud [om the Point B'as a Center, at the di- 
lance 6d deſcribe the Arch 7L either above or 
below the Line AB; and likewiſe from the 

Point Aas a Center, and at the diſtance 4 d, de- 

ſcribe the Arch g d, cuteing the Arch LF at the 
Point L, and from the Point L draw the Frait 


Line O L perpendicular to A B. St 
From the Point O as a Center, at the diflance 2 
O L deſcribe the Arch DL. ed 


And from the Point P draw the frait Line WM 
P GK perpendicular to OL; and from the fame Wy: 
Point P, at the diſtance 4d /, deſcribe tha 4rch | ei- 
ther on the one or the other fide of G, cutting the Wi 
Line L Oat the Point J. ; 
Then make GK equal to P'S the height of 
the Siyle, and from the Point K, at the diſtance 
G I deſcribe the Arch R D, cutting the Arch DL 
in D, and from the Point D draw the ſtrait Line 
D z] perpendicular toLO, and the 12 
whic 


SE... CP a." CY 
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hich paſſes thro the Points P and Q ſhall be the 
ubtylar Line. | 

t the Point Q,ibe.too near to P, we may find 


nother by raking another Point d on the Lineſ, d, 


has been ſlid in the Practice of the Precedent 
haptcr ; allo we muſt have a regard to the other 
\}-rvatzons Which have been made upon the 
me Practice, by that which is there founded on 
e fame Principles. 
Cnſequently we place the Equinoctial Line 
nd the Center of the Dial by the Practice of the 
1 Chapter: but we have alſo here this advan- 
age, that the Line which paſſes thro the Point 
and thro the Center of the Dial, ſhall be the 
leridias Line. | 
In the ſecond place, if the Horizoutal Line 
aſſes thro the Point P, or if the Pint B be too far 
int from the Point P, we mult faſten another 
dye upon the Plane of the Dial whereof the 
Point may paſs by the Line of the Plummer hang- 
cd from the Point S of the Style, the Point of that 
kcond Style heing called B, we perform the O- 
ration as before to find the Lines da, 4b: but 
ve may uſe the ſmall Rods, as has been taught 
n che fore-going Chapter, otherwiſe the Opera- 
m would be too long. 


RR . 
2monſtration, 
This Operation zs ſo like to the precedent , that 
ite Demonſtration does not much differ from it; 


fir bere inſtead of a Secend Peint of — 
UE 
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have the Point B, and the Point bſ of the Tria 
gle bſd being applied in BS, that Trian 
moving upon BS and meeting the other Triany 
a ſd whereof the Points a ſ are applied in A S, an 
zich moves upon AS, ſo as the Points ddofth 
two Trianples may be joyned together ; then 
Au which ought to paſs by the Point: $d ſpall | 
Fayed in that Poſition , as we have Jeen in pr 
cedent Chapter: for in all the different Poſitions i 
the Triangle bſd moving upon BS, the Li; 
Sd which 4 og” the Axw, remains always 
levated abwoe the Horiz.cn , with an Angle equi 
to the Elevation of the Pole above the Horixon 
and it ſhall not be ſtayed inthat Poſit ion, but | 
the meeting of the other Triangle a {d , ſo as 1 
 P2po Points d d of the tzvo Triangles may be joyne 
_ Pogether. 

The reſt cf this Operation being altogether like t 
the precedent , we jhall not here again repeat th 
Demonſtration. | 


CHAP, 


— 
2 „ a 


\P, 


” — — — ray} — 
— — 


CHAP. VIII. 


1 find the Center cf the Dial , and to 
L | nate the Subſtylar avd Equinoctial 


Lines. 
hae o Point of Shadow being given, 


— 


and the ſhorieft Shadow. 


Fig. 7. Hf: placed a Style on the Plane 
of the Dial, whoſe Point let be S 
nd Foot P, and marked a Point of Shadow A, 
ind divers other Shadows following one another, 
GB, which may determine the length of the 
ſhorteſt Shadow , which is PB the Semidiame- 
r of a Circle, that has for its Center the Foot of 
the Style P, which touches the Tract of the Points 
of Shadow GB in the Point B, and deter mines 
t exactly; which cannot be done by the meet- 
ng of the Two Curves, that is of the Circle NB 
and Tract of Shadow GB, 
Therefore upon ſome Plane p f equal to the 
height of the Style PS, draw cp perpe 
ticular to / and make p b equal to PB, and 75 
ſhall be equal to SB ; and prolong /b to a, 
nd let ſa be equal to the length of the Shadow 


dA, © 
I, - : : 
| TH Then 
T ; 
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Then make the Angle à fe equal to the 5" * 

or Difference of a Right Angle, and the .“ 
of the Declination of the Sun at the time when Not 
Points of Shadow were obſerved, following ib 
which has been noted in the Practice of the af® | 
Chapter , the Line ſc meeting bp ns draw ale 
* ſtrait Line a c. „e 
Then on the Dial from the Point P. at H. 
Diftance pc deſcribe the Arch C F, and. fromt| 
Point of Shadow A, at the Diltance @ c deſcrifffi: 
the Arch]D C, interſectingithe Arch Ch in ier 
Point C, the Point C ſhall be the Center of if 
Dial, and the ſtrait Line CP fhall be the Sub” 
lar which ſhall cat the Tract of Shadow in tf 
Point B, where the Circle NB ought to tou 


it. f 
I be Subſtylar Line being placed, we m 
draw the E quinoctial Line by the Practice of thif 

11th Chapter. WEE. 7 — 4 


Demonſtration. 


Thu Practice is founded on the ſame Princip 
ant he fore- going Operations, except that in this thi 
Line ſc i the length of the Axis from the Point 
the Style S te the Plane of the Dial, for the Tig 
angle c ſb moving upon the Line ſp applied tt 
SP, reſts in that Poſition as it ought to do to de 
termine the Center C by the Triangle aſc, whicl | 

mo ves upon a ſapplied to A S: but mſtead of theſe 
two Triangles it ſufficeth that The Lines p c andac 
movin 


ing on the Plane of the Dial abou? the 'Points 

ud a, may determine the Center C, as it is eaſie 

mcerve by the Cenſtruction. 

Note, That if in this Pradice the Lines h pand 
be parallel or make a very acute Angle, the 
$ ſhall not meet with the Plane of the Dial, 
fe ſhall meet with it at a great diſtance from 
point P. Then you muſt uſe the following 
actice. 


Fig. 8. After you have made the fame prepa- 
on as before, take ſg on the Line ſc of any 
gh, and from the Point g draw a ſtrait Line 
parallel to ſp, which ſhall be alſo perpendi- 
ar rob p ; from the Point g as a Center, at the 
nce g a, deſcribethe Arch a e interſecting bp 
the Point e. | | 

From the Point A as a Center, and at the di- 
ce e m deſcribe the Arch MQ and from 
point P as a Center, at the diſtance p n, deſcribe 
e Arch M F interſecting the Arch QM in the 
ant M, and M PB ſhall be the Subſtylar 
ne, | 
„Then draw the ſfrai' Line P Z. perpendicular 
ce Subfylar Line M PB and equal to PS the 
Wiighth of the Style, and alſo M G perpendicular 
de ſame Sulſtylar Line MP B, and equal to 
. che Line G Z ſhall determine the Poſition 
'W the Axs in reſpect of the Subſtylar Line, and 
LE being drawn perpendicular to Z G meetin 
te Subſtylar Line in E the Equenctial Line, ſhall 


be 


beVE perpendicular to the Subſtylar Line int 
ſecting it in the Point E. 


Demonſtratson. 


There as no difficulty in the Demenff rat ion if 1} 

Practice after that which has been explained 
fore, we muſs only conceive here the Triangle en 
to be perpendicular to the Plane of the Dial, 1 
it is Right angled at the Point m, and that it 

moved about the Point e which is put upon t| 

Pet A , fo as the Line em is always on || 
Plane of the Dial, and alſo that the Trapez. 

pſg m is movable about the Line p ſ which oigl 

to be applied to the Style PS, ſo as the Trian 

e mg andthe Trapeziumpl1g m may meet in the 
common Line mg or MG, the Line M G ſhall 
another Style anſwering to the firſt , the Point 
fhall be = Foot thereof, and G ſhall be the Pin 
and the Line that paſſes by the Points of theſe ty 
Styles S and G, ſhall be the Axis, and conſequent 
the Line MP that paſſes by the Feet of theſe cu 
reſpondent Styles ſhall be the Subſtylar Line. 

It is alſo manifeſt that the Line Z. G deter min 
the Inclination of the Axis inreſpect «of the Sub 
kar Line. | 

We may take divers Points of Shadow as A, t 
confirm this Operation, as we have done in ti 
Practice of the 5th Chapter, the ſhorteſt Shadoul 
P B remaining always the ſame,” 


;to be obſerved, That if the Suns Declina- 

hath conſiderably changed between the 
:rvation of the Point of Shadow A, and the 
reſt Shadow PB, the Angle p/c muft be 
e as we have taught before lor the time of 
Whorteſt Shadow, and then draw ſa, which 
s with / the required Angle fer the time 
)bſervation of the Point of Shadow A: for 
not neceſſary that the Obſervations of the 
t of Shadow A, and the Point of the ſharteſt 
Jo B,ſhould be made on the ſame day. 


CHAP. IX. 


ud the Center of the Dial, and to 
{r4 tbe Subſtylar and Equinodial 
Lines. | 
o Points of Shadow berrg given,mwith 
the Declinatios of the Sun at the 
ies when the Points of Shadow 
were ebſerved. 


59. A Style being placed on the Plane of 


Joy the Dial whereof the Point may be 


the Foot P, and two Points of Shadow 


Make 


ud B being obſerved. 


y | 2 ; 
Make the Angle e ſa equal to the Sum o 
ferente of a Right Angle and the Declinaty 
the Sun at the hour when we obſerved the} 
of Shadow A, following the Rules that we! 
given in the Practice x the 6th Chapter. 
Let ſeveral frait Lines be drawn, as Al 
ward the place where we ſuppoſe ſomething, 
they ought to meet the Center of the Dial, 
from the Center A at any diſtance deſcrib 
Arch of a Circle DR, interſecting AE u 
Point D. And having made / equal to 
from the Center Qat the diſtance ar, equi 
AR deſcribe the Arch dr. | 
Then from the Point / as a Center, at th: 
ſtance 8 D, deſcribe the Arch d u, cutting the h 
r d ind, and draw the ſtrait Line a de ton 
wich the Line ſe inthe Pointe, and make! 
equal to e, and having found ſeveral Poin 
E, draw the Curve Line E C by all thoſe Pon 
If we perform the ſame Operation by the Pi 
of Shadow B, and we ſhall find another Cy 
Line F C, which interſecting the firſt Curve |; 
in the Point C, determines the Center of 
And CP ſhall be the Subſtylar Linc. 
We may draw the Equinoctial by the Prat 
of the 11:6 Chapter. 3 
Tbe Demonſtratien of this Practice is ſo eit 
that it needs no Explication. 
For we may clearly fee that the Interſection 
of the two Curve Lines is the Interſection oft 


If 
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des of two Angles a ſe and b ſe, which are con- 
oyned by their common Line ſe, and there- 


move, are applied to AS and BS, and the 
ommon fide of theſe Angles ſe which is the 
xu, being prolonged, meets with the Plane of 
he Dial in C, which ſhall be the Center theres 


CHAP. X. 


o find the Center of the Dial, and to 


draw the Subſtylar and Equinoctial 
Lines. 


ry Tteo Points of Shadow being eiven, 
with the Declination of tbe Sun at 

be time of Obſervation of the Points 
of Shadow. 


Ig. 10. 1 PS be a Style, whereof P may 


be the Foot and S the Point, and 
and B two Points of Shadow. From the 
vint A, at the Diſtance AS, deſcribe the Arch 


: Alſo from the Point B, at the Diſtance 
dS, deſcribe the Arch RZ, interſecting t 

uch QZ. in the Point Z, and draw the g#; 
| D s "TIT 


— 


ore the ſides a f and h ſ on which theſe Angles 


— — 


— 
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Lines, ZB and Z. A, and the Line ZP forth 
length, then make ZH equal to Z B, and draw t 
ſtrait Line B H, which being divided into twoe. 
qual parts in E, let Z E be drawn to meet with AB 
in the Point F. EN os by 

Then ere & PN perpendicular to Z L, and 
equal to the height of the Style PS, and dia 
GO and OL at Right Angles, and O ſhall mee 
with Z PL at the Point L; the Line L F ſhall be 
one 8 which ought to paſs by the Center of th 
Dial. 

If the Center of the Dial that is to be found, be 
more North than the Point of the Style; and if 
the Declination be more North, having made the 
Angle c [ b equal to the Sum of a Right Angl: 
and of the Declination of the Sun at the tis 
when we have marked the Points of Shadow ; bu 
if the Declination be South, having made the Aug 
e ſb equal to the difference of thoſe Tw] Aw 
| And if the Center of the Dial required be mor 

South than the Point of the Style, and the De; 
nation be North, having made the Angle cſb e 
qual to the Difference of a Right Angle and Dt 
clination of the Sun, but if the Declination be Suuti 
having made that Angle equal to the Sum of th 
two Azgles. 2 

Let / be made equal to SB, and from th 
Point b having drawn b d perpendicular to 
prolonged, if it be neceſſary: from the Point 
and at the Diſtance h d deſcribe the Arch Da 
ring Z. F in D, then making de equal top 
draw the trait Line ſe. INOS 


151 


From the Point P draw PIN perpendicular to 
FL, and make I N equal to IS, and draw FN, 
then draw NC, making an Angle with F N equal 
o the Angle e ſc, the Line N C ſhail meet with 
the Line FL, at the Point C, the Center of the 
Dual if it ha e a Center, and the fame Line CN 
ktermines the inclination of the Axis upon the 
Line CF on a Plane which is inclined to the 
lane of the Dial towards P, with an Angle equal 
to SIP. 

And CP ſhall be the Subſtylar Line, the Equi- 
3 Li ne may be found by the Practice of the 
Chapter. | | 

But if the Dial have no Center, which is known 
y the Line N C being parallel to the Line FL; 
rift the Center be at a great Diſtance from the 
Pont P: Then draw the Line T VX parallel 
oPN, and make VX equal to V T, and draw 

cutting VI in M, and draw P M meeting 
Fin V, and make Vy equal to V, andy P 
all be the SHH ylar Line. The Equinoctial 

ne is drawn by the Practice of the 11:4 Chay- 

3 ” 


To find the Center by three Points of Shadow. 


Having marked three Points oi Shadow , we 
find the Line F L by two of thofe Points 
lich (hall paſs thro the Center, and by one of 
oſe Points and the third, we may find alſo ano- 
er Line which ſhall paſs thro the Center;and the 

| | 92 Pont 


CR 

Poiut where theſe two Lines do meet, ſhall beth 
Center of the Dial. 
This Practice may be performed withoy 
knowing the Declination of the Sun. 
The Center being found, and conſequently th 
Subſtylar Line which paſles thro the Center ani 
by the Point P, the Equinoctial Line is draw 
by the Practice of the 11th Chapter. 


© Demonſtration. 


Fig. 11. To demonſtrate this Practice, w 
muſt ſuppoſe that the Triangle AS B in the 
IIth Figure to be the fame with the Triangle 
AZ B of the toth Figure, ſo as the Point Z ü 
joyned to the Point of the Style, and that the 
Line AB remains in its poſition. 

It is evident that all the Planes that are pe 
dicular to the Plane of the Triangle 8 AB and 
which paſſes by the Point of the Style 8, interſed 
one another in the Line 8 L, which is raiſed per- 
pendicular to the Point S upon the Plane of tha. 
Triangle: Therefore the Plane L S F 1s perpen- 
dicular ro the Plane S AB, and ] ſay that the A. 
is of the Dial, and conſequently the Center, ſhall 
be in that Plane LS F. | 

For the Line S F divides the Angle AS B in- 
to two equal parts; and 8 B being equal to SH, 
the two Triangles 8B D, SH D, being equal 
each and like to the Triangle [bd of the 10th 
Figure, and being joyned rogether by their com- 

mon ſide S D, that Line 8 D ſhall be the Axis 
in its true polition, and the Arch of a Circle wy he 
| | ri 
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Jeſcribed from the Center D at the Diſtance DB, | 
Wall be the parallel of the Sun, for the Angle 11 
cB D is equal to the Suns Declination, | 
But in theſe two Equicrural Triangles HSB, 
DB, becauſe that the commonBaſe BH is equal- 
divided in the Point E, the Plane that paſſes by | | 
the Lines E &, E D, ſhall be perpendicular to the 1 
plane of the two Triangles, therefore the Plane 1 
vhich is perpendicular to the Planes of the two i 1 
angles and that paſſes by their Vertical Points " 
$.D,ſhall carry the Axis: but the Plane that paſſes Ul 
ojntS,and by the Port E, and which ſhallbe per- | k 
pendicular ta the Plane of the Triangle HSB, ſhall '' | 
te alſo perpendicular to the Plane of the other | 
Triangle. . 0 R 
Therefore the Ax# ſhall be in the Plane j p 
LS that is perpendicular to the Plane of the | 
Triangle AS B, and which paſles by the ſtrait 
Line 8 EF, and conſequently the Axꝶ meets 
ith the ſtrait Line FL in ſome Point, or is pa- 1 
lel to it, and the Point C where the Axa 1 
eets with the Line F L ſhall be the Center of | 
he Dial, which was to be demonſtrated. 
Then to demonftrate the Practice which NY 
erves to find the Center of the Dial, we muſk || 
onſider that B H being the Chord of the Arch 
f the parallel of the Suns Declination contained 
between the two Lines of Shadow SA, SB, | 
d the Line BD being equa! to the Line bd, 8 
ind d e being equal to DE, the Triangle ſde is 1 
„e ſame with the Triangle S DE of the Tith 1 
Figure, D 3 There- 


— 
— — — — — — ys 
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There fore the A cſe is that which the 
Ax ought to make with the Line F L on: 
Plane which paſſes by that Line F L, and by 
S the Point of the Style. 

Therefore in the roth Figure the Triangl 
FCN having the Line I N equal to 18 of thy 
Triangle FSC, and being both of them per. 
pendicular tothe common Line I L, and by the 
ſame Point ], and the Angle FN C being e. 
qual to the Angle eſe, the Point c ſhall be the 
Center of the Dial, if the Line N C meet with 
the Line IL, which was that which was at 
laſt to be demonſtrated. We ſuppoſe that in 
this Practice the Difference of Declination be- 
tween the Obſervations is not conſiderably 
changed. 

As concerning the Practice which ſerves to 
find the Subſtylar Line, when the Point C is at 
a great Diſtance from the Point P, or when the 
Dial has no Center; it is evident by Conſtructi 
on that TV being to VVas NI is to IP, the 
Lines NT and Py ought to meet one another 
in the ſame Point C, which ſhall be the Center 
or they ſhall be parallel to one another, and then 
the Dig {hall have, F no Center. x 
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CHAP. Xl. 


To find ibe Center of the Dial, 
draw the Equinoctial Line. 
rhe Subſty lar Line Ven drawn , and 


and fo 


one Point of Shadow eng given, 


with the Dec! ination of the SUN. 
s is 3h - 
To 7 25 the Equinoctial Line the Cen- 
1 the Dial being found, 
W N N D 


To fud 125 Center of the Dial, the E. 
9 ainoctial Line 6:1ng dr cn. 


Fig. I 2. L a 58 51 be placed on the Plane of 
the Dial, whoſe Foot let be P, and 


Point 8, and Point of Shadow A, and Subſty- FJ W 


ar Lins CP. 
Make the, Angle 4a equal to the Sum or 
Difference of a Right Angle, and of the Suns 
Declination, as we have done in the Practice of 

the 670 Chapter, {a being made equal to S A, 
Aale any Point ud upon the Lane . d, and draw 
the ſtrait Line « d. 1 | 


1 


, * 
S 3 G 


af 
-h . 


_[49J 
From the Point A draw the ſtrait L ine Ap 
ee to the Subſtylar Line CP, au 
rom the ſame Point A as a Center, and at the 
Diſtance à d, deſcribe the Arch N cutting thi 
Subſty lar Line in N. 
From the Point R as a Center, and at hi E 
Diſtance RN, deſcribe the Arch ND; erect thi 
| ndicular P Z at Right Angles to the Subſty Wc; 
EE bar Line „and equal to PS the height of th, 
| Style „then from the Point Z, as a Center at the 
Diſtance ſd, deſcribe the Arch GD cutting the 
Arch N D in D: The Line Z. D determines the 
ſituation of the Ax# in reſpect of the Subſtylat 
Line, and if it meets with the Subſtylar Line x 
at the Point C, that Point C ſhall be the Cen- 
ter of the Dial. | 
Then from the Point Z draw the ſtrait Line 
Z E perpendicular to Z D, meeting the Sub- 
ſtylar Line in E, the Line VE perpendicular to 
the Subſtylar Line drawn through the Point E, 
ſhall be the Equinoctial Line. 
lt the Center of the Dial were given, the Line 
CP ſhall be the Subſtylar Line, and P being 
perpendicular to the Subſtylar Line, and equal 
to the height of the Style, having drawn C7 
and Z. E perpendicular to C Z, meeting the Sub- 
ſtylar Line in E, the Line VE being drawn per- 
pendicular to the Subſtylar thro the Point E, 
ſhall be the Equinoctial Line. | 
I the Equinoctial Line were given, draw 
the ſtrait Line PE by the Foot of the Style per- 
See 1 pen- 


"T8243 | 
endicular to the Equinoctial Line VE, and 
E ſhall be the Subſtylar Line; and having 
ade PZ. perpendicular to the Subſtylar Line 
t drawn by P the Foot of the Style, and e- 

wal to the height of the Style, having drawn 
E and Z. D perpendicular to ZE , the Line 
D determines the inclination or poſition of the 
x with the Subſtylar Line; and if Z. D meets 
he Subſtylar Line as at C, that Point C ſhall be 
he Center of the Dial. | 


The Demonſtration of theſe Three Practices bas 
thing in it that deſerves to be explain'd after the 


SC which was u 


yawn by the Point of the Style, and by the Sub- 
ylar Line. | 


= 
N 
— * - ay — 


E — — 
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ye going Demonſtrations ,, for we may ſufficiently. 
mow that the Triangle E Z C the ſame with 
the Plane, which was 


2 1 „ 


. —— —-—-—— are — — 
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CHAP. XII. 


To draw the EquinoCtiai Line, and iff 
Subſtylar Line, and to find the Cen 
ter of the Dial. {541 155 I 

Any Two Points of Shadow being given 

"with the Declination of the Sun. 


F if. 13. LE. a Style be ſet on the Plane of the 
Dial, whoſe Foot may be P, and 
Point 8, and let the Two Points of Shadow be! 
A and B. 2 | | 
Make the Angle aff equal to the Declination 
of the Sun at the time when we have marked 
the Point of Shadow A, and make ſ equal to 
SA, and on the Point A as a Center deſcribe 
the Arch ML at any Diſtance; and on the Point 
4 deſcribe the Arch Im equal to the Arch 
LM. 
Then by the Point A draw ſeveral ſtrait Lines 
as AL, A M, toward the place where the Equi. 
noctial ought to paſs, which may be known by 
the Declination being North or South , and 
knowing near the poſition of the Wall in regard 

ol the Axx. - 
Then 


[ 43] 

Then from the Point ſas a Center, and to 
Diſtance. S M, deſcribe the Arch m cutting 
de Circle Im in m; then having drawn am 
ering f inf, make AF equal to af; Allo 
ae / equal to 8 L, having drawn 41 cuttin 
n d, make A D equal to a d, and ſo of all 
e other Lines Which we have drawn by the 
int: A, by which we find the Points as FP, 
d by all thoſe Points as FD we draw x Curve 
ne F Dui he ones 2 8 
We do the ſame thing for the Point of Sha- 
bow B, about which we drawa* Curve Line 
6, andithe ſtrait Line D C, which totiches the 
vo Curves, ſhall be the Equinoctial. 
By the Practice of the afore- going Chapter 
ye draw the Subſtyle, and find the Center of 
be Dial (if it has a Center) with the inclination 
the Axis to the Subſtylar Line. 


e Demonſtration. 


The Demonſtration of this Practice zs not diffi- 
lt to thoſe who underſtand the Conique Sections; 
they will preſently conceive that theſe Curve 
Lines, which are traced abour by the Points of 
dad, are the Sections of an upright Cone, 
whereof the Angle at the Vertex of the Triangle 
haun by the Axis is double the Declination of the 


dun. 
The 


L 44 ] 
The Axis of the Cone is a ftrait Line dra 
from ihe Point of the Style to the Point of d 
dow. | 
Then if we conceive that there is a Plane h 
taucbes theſe rw Con both together, and whi 


paſſes by their Vertex as is the Point of the Sy 
that Plane ſhall be the EquinoGial ; for the Plau 
that paſſes by the Axis of the Cone, and by t 


Line, where the touching Plane meets the C. 
ſhall be perpendicular to the touching Plane, as m; 
eaſily be ſeen ;, and the Angle contained betweentij 
Aru of the Cone and the Tangent Line, being th 
Declination of the Sun by Conſtruftion , the tou 
ing * neceſſarily be the Plane of the Equ 
noctial. e 


char 


* 5 
4 


„ 


CHAP. XIII. 


fud the Points of the Hours of 6 and 
12 o the Equinodial Line, and to 
draw the Meridian Line. 
e Equinoctial and Horizontal Line 
being given. 75 
to draw the Meridian, thc Center 
of the Dial being given. 


Wir. 14- LE PS be the height of the Style, 
whereot P is the Foot and S the 
eint, and let N L be the Horizontal Line, and 
N the Equinoctial Line; the Point N where 
je EquinoCtial Line meets with the Horizon- 
| Line, is the Point where the Line of the Hour 
6interſeQts the Equinoctial Line. 
From the Center N, and at the Diſtance N &, 
qual to the height of the Style, deſcribe the 
ch K H, and taking any Point as O in the 
quinoCtial Line for a Center, at the Diſtance O 
deſcribe the Arch IH interſecting the Arch 
H in , then draw the ſtrait Line N H, and 
IM perpendicular to N H; the Point M where 
M meets the EquinoCtial Line, is the Point 


here the Meridian Line ought to inter ſect the 
qunoCtial Line, Then 


TIT 6 8 
Then having hanged up a Line with a Hi 

met F, ſo as the Line may pals by S the Mg 
of the Style, mark any Point as C, on bt 
Plane of the Dial, fo as you may ſee with Me- 
Eye the Points M and C both hid together It. 
the Line of the Plummet, and this is that WMH: 
we call bourning , and the Line MC ſhall] 
the Meridian Line. : 3 
nut if the Center of the Dial were given , x 
that it were the Point C, we muſt mark ſome P. 
as Mon the Plane of the Dial, which we may, 


to pals by the Line of the Plummer with the Py Jr 
C, and the Line C Mſhall be the Meridian, fin 

We may alſo draw this Meridian Line in tl 6! 
Night with a Candle, in holding it at a H. 
ſtance from the Line of the Plummet , fo as H. 
Shadow thereof may paſs by Mor by the Po 7 


C which of them is given. For the Shadow « 
that Line ſhall be the Meridian Line. 
— Demonſtration. - 

The Horizontal Circle cuts the EquinoGial Ci 
ele into to equal parts and equally diſtant from!| 
meeting of the Meridian with thoſe Circles; for il 
Equinotial is perpendicular to the Axis, andi 
Horizontal is perpendicular to the Vertical Line 
and the Meridian paſſes by the Axis and by the 
Vertical Line; Therefore the Horizontal Line cut 
the Equinoctial Line in the ſame Point where thi 
Hour Circle of 6 meets with them, which i 
go degrees from the Meridian on the ſame E- 

| Jauinocſial 


hal Circle therefore the Line and Plummet 


part of the Vertical , the Plane that paſſes 
Wi: Line, and by a Point of the Meridian or 


he Axis, ſhal! be the, Plane ef the Meridian, 
Interſection whereof with the Plane of the 
al is the Meridian Line. 2 


ChA p. xiv. 


ira the Meridian Line, and to 
fd the Point of the Hor Line of i 
on the Horizontal Line. 9 
h one Point of Shadow berng given, 
with the height of the Pole, andthe 
Declinat ion of the Sun. 


g. 15. A Style being given, Whereof let 
S be the Point, P the Foar, being 
laced on the Plane of the Dial, draw the Hori- 
ontal Line H, and from the Point P draw 
H perpendicular to Hb, and draw PZ. pa- 
mel to H, and equal to P S the height of 
e Style, and make H E equal to HEI. 
Then having mark'd the Point of Shadow A, 
s far from Noon as it is poilible, hang a Plum- 


Wot T, ſo as the Line thereof may paſs by S the 


Joint of the Style, and bourn it (as we did in 
Wie fore-going Practice for the Meridian) mark 


the 


— — ants — — * 
/ " x 
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the Point h on the Horizontal Line, by wh Ar 
ou ſee the Line paſs, then when it alfo pt gives 
by the Point of Shad ow A, and then draw Veet. 
ſtrait Line h E. le 
Then draw an Arch of a Circle zo f on dt 
Center c at any Diſtance, and make & o equilſiſfbe ( 
the height of the Pole above the Horizon, Mu. 
draw the Lines c, X c, to c the Center of m 
Circle. | D, 
Let the Arch o be made equal to the in 
clination of the Sun at the time when the Polar! 
of Shadow was made toward Z, it the Su ſhe 
in North Signs, and toward f if it be in Sub. 
Signs, for thoſe that have their Zenith in i Nee 
North part of the Sphere; bur on the conti pt 
for thoſe that have it in the South part; and diu 
a m parallel too c. de v 
Draw cf perpendicular to c æ from the Ce 
ter e, and make the Angle de f equal to the AW 
gl bS A, and draw the Lined e parallel to nt 
meeting c ⁊ in e and à m in a. n 
On the Point E as a Center, at the Diſtance i Ni 
deſcribe the Circle BD, meeting E h (prolong i 
it be neceſſary) at the Point B make B M equi 
to da, and from M raiſe D M perpendicular ir 
EB, interſecting the Circle BD in D, then dia 
E D (prolonged if it be neceſſary) and the Pon: 
F where it interſects the Horizontal Line, fhal 
be the Point of the Meridian upon the Hon 


TON. 
Ane 


q 


| 


Ir 
1 


Il 


Wives the Point G whefe t 


. ˙— AY pi EARS 
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And E G being drawn perpendicular to ED, 
2 5 Hour Line of ſix 

meets with the Horizontal Line, * 

t muſt be obſerved that the Line MD which 


drawn perpendicular to B E, may meet with 


the Circle B D on either fide of the Point B; but 
you muſt take care that if the Point of Shadow A, 
; mark*d before Noon, to make uſe of the Point 
D, which is on the right hand of the Point B 
in the Example, and if the Point A were 
marked after Noon, you muſt take the Point D 
yhere M D meets the Circle on the left hand oftB 
ohave the poſition of the Meridian Line; if D E 
meets not the Horizontal Line, but then when it 
b prolonged toward E, the Point F ſhall apper- 
un to the Line of! Midnight: All this ought to 
de underſtood concerning thoſe. that have their 
enith on the North {ide of the Equinoctial, for 
tis contrary with thoſe which have theit Zenith 
nthe Southern Hemiſphere... 5 
f the Line E D meets not the Horizontal Line 
being likewiſe prolonged towards E, then the Dial 
hall have no Line of Mid-day nor ot Mid- night, 
ind the Plane of the Dial ſhall be either Oriental 
r Occidental. 
It is alſo to be obſerved that the Angle HE F 


Wnade by the Line E D with the Horizontal Line 


H, is the Angle of the Declination of the Plane. 
By the fore-going Practice the Meridian Line 
r the Line ef Mid- night may be drawn by the 


1 F. 


E De- 


| Demonſtration. 


The Figure fm c « Projection of the Spben 
on a Plane by Lines arallilto one another , which 

Projettion is called the Analemma ; the Circle fm; 
repreſents the Meridian, and the Point Z the Zenith, 
oc the Eguinoctial Line, a m the parallel of the 
Suns Declination at the time when the Point of Sha 
dow A was mark'd ,, cf the Horizontal Line, 
d a e the parallel if the Suns Altitude at the ſame 
time , and the Point a determines in the Sphere the 
place where then the Sun was. ; 

fa Verticle Circle 2ag be conceived to paſ 
through the Point ato the Horizon in g, it is ma 
niſeſt that the Line yg inthe Circle 44 Radius u 
fc, ſhall be the Ver ſed Sine of the Angle which 
the Verticle Circle ⁊ a g makes with the Meridian 
Circle a df, andthatd a ſhall be the ſame Verſed 
Sine in the Ci cle, wheſe Radius ide. 

Therefore if we concei ved the Plane h EFD 

be the Plane of the Horizontal Circle, we may ſe: 
by Conſtruction that the I tne E F'Ds the Merid:- 
an on that Plane, and that the Point F xs in the 
Plane of the Dial, the Point of the Meridian where 
it meet; with the Horizon, and that th e Point ON 
z the Point where the Hour of fix cuts the Horizon, 
('cing that FEG + 4 Right Angle; for B Me 
qual to d a is the Verſed Sine of the Angle BE D 
hich ought by conſequence to be equal to the Ang 
.2rhich is made by the Meridian with the Vertid| 
Cirohe. CHAP 


1 51 L. 


* —— . & i" 1 


CHAP. xy. 


7, 3 the Meridian Line. 


Two Points of Shadow ben given 
in a certain condition. 


* 16. Hg fix 281 jle on the Plane of the 

* , — let P be the Fopt 
i Sthe Sth draw the Herizontal Line H 
by te Fourth Chapter, and from the Point P 
draw P Z parallel to „E, and equal to P'S the 
height of he Style, and having drawn the rait 
La Z H, draw Z. C perpendicular to it. 
Then the Point of Shadow A being mark'd 2 
or 4 hours 3 Noon, to the intent that the 
Operation may be 15 erbt, let A B be drawn 
xerpendicutar-te Z. 

Then make B E equal to B c, and 0 D equal 
0 EA, and draw Z. D. 

By the place where you judge ſomething near 
lhat the Shadow of the Pom 8. will arrive when 
the San ſhall be ſo far: from Noon as it was when 
be Point of Shadow A was mark d, draw many 
breit Lines as Q perpendicular to H P, and bx 
he Points F where they interſeſt H P, draw IFR 
erpendicular toZ.C,and mrking FG: equalto FR, 


2 from 


— 
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from the Point G as a Center, and at the D. 
ſtance R 1 deſcribe an Arch Q, which ſhal 
cut FQin the Point Q, and fo we may find 
as many Foints Qas we will; and by all thek 
Points drawing a Curve Line QQ, we mart 
the ſecond Point of Shadow G, then whe 
the Shadow of the Point of the Style S meet 
with the Curve Q. . 
Then draw the Line AO, and on the Point 
A as a Center, and at the diſtance A S deſcribe 
Arch X, alſo from the Point O at the 


diſtance O S deſcribe the Arch XN , cutting 


the ArchXYinX, and draw X A, XO; then 
divide the Angle A X O into two equal parts by 
the Line X M, which ſhall meet with A O in 


M, the Point M ſhall be one of the Points off 


the Meridian Line, and by the Practice of the 
13th Chapter we may draw the Meridian Line, 
which ought to paſs by the Point M. 

We fuppoſe in this Practice that the Suns De- 
clination has not changed conſiderably be- 
tween the two Obſervations of the Points of 
Shadow Aand O. 


Demonſtration. 

The Curve Line O (2 Q which ought to Is 5b 
the Point V, as weaſie to underſtand by the 
ſcription, ſhall alſo paſs by the Point A, if we 
make the Deſcription thereof on the other ſide « 


the Lire P I; and it « the Section of 6 Rig 
one 


De- 
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me, whereof the Vertex is the Point S , and 
dz C the half of the Triangle which paſſes by the 
e, couch'd upon he Plane of the Dial, and 
rk Wpbereof Z C repreſents the Axu, the Angle DZ C 
en the Complement of the height of the Sun above 
eue Horizon at the time when the Point A was 
ud, and the Lines as I R are the Sections of 
be Planes parallel to the Baſe of the Cone with its 
ſnangle by the Axis, and upon which the Secti- 
of the Cone 3s a Circle, and the Inter ſections 
f thoſe Circles with the Plane of the Dial are the 
nts Q. which are inthe Superficies of the Cone 
4 conſequently in the Conique Section AV 2 Q_ 
hereof HP à the Axis: But this Conique 
lion repreſents the parallel to the Horizon where 
te Sun was found at the time of the two Obſerwva- 
e, Hint the Shadow in A and O; Therefore the 
Ine X M which divides the Angle AX O Into 
0 equal parts, is the Inter ſection of the Meridian 
Jab the Plane AOS, for that Bine ſhall divide 
e Chord of that Angle, the Point Mis there- 
re one of the Points of the Meridian Line on the 
Whine of the Dial, in ſuppoſing the Declina- 
nf the Sun to be the ſame 155 the two Points of 
Indow A and O. "Fe 8 3 


| 2 CHAP. 


char. XVI. 


To v find tbe Center of the Dial or deter 
mine the Iaclination the Axis with 
the Meridian, to draw the Subſtylar 
and Equinoctial Lines. 

The Meridian being fonnd, and the 
 Reight of the Pole being given. 


Fig. 17. H Et the Point P be the Foot of the 

Style whereof Sis the Point, and 
ler M T be the Meridian, Draw the 14. 
zontal Line H & in terſecting the E Line 
in T; and from the Point T as a Center at the 
diſtance T 8 deſcribe the Arch B A, and feom any 
Point of the Meridian as M, at the Diſtance Ms 
deſer ibe the Arch D Ainterſecting the Arch BA 
in the Point A, and draw the ſtrait Line AT, 
then make the. Angle T A C equal to the height 
of the Pole above the Horizon which is here 
given; if the Line A C meets with the Meridi- 
an, as at the Point C, then C ſhall be the Cen- 
ter ot the Dial, and the fame Line A C in this 
Pofition determines the Inclination of the Axis 


with the Meridian Line : : AndcP * be the 
Subſty lar Line. 


From 


— 


1 
From the Point A draw A E perpendicular 
oA C, imerſecting the Meridia LineinE, 
ind the Line EV d ravn thro the Point E per- | 
pendicular td the Subſty lar Line CP, ſhat! de 
the Equinoctial Line. e 
Bur if the Dial have no Center, draw the 
line RP G at 3 thro the Point P meet - 
ng with the Meridian in d, and with the 
Ine A C in R, chen draw another Line ON 
prallel to RG, meeting the ſame Lines at the 
Points N and O; and draw the ſtrait Lines R N 
ind GO interſectiag one another in the Point 


F, and make Rp cqual to GP, and draw 
to meet with the Line O N in Q and PN 


be ball be the Subſtylar Line, and the Equino- 
nagel Line is found as before. | 3 
—_ 7: 5 in #75 6b 

ne 

he * Demonſtration. 

ny | | SY 

18 

Al Bj the Conſtruction it is manifeſt that the Line 
AT repreſents the Inter ſection of the Horizontal 


Plane on the Plane of rb: Meridian, therefore the 
Angle TA C being equal to the height of the 
Pule above the Horizon, it is manifeſt that the 
line AC determines the Inclination of the Axis 
with the Meridian M; therefore conſequently 
the Point C ſhall be the Center of the Dial if the 
line A C meets with the Meridian Line: But 
the Ling A E which & perpendicular to A C which 
1 * 4 r 
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repreſents the Axis, ſhall be the Interſection of th 
Plane of. the Equator and Meridian; therefor; 
the Point E ſhall be one of the Points of th, 
Kquinofial Line on the Meridian Line; but thy 
Equinofial Line ought always to be perpendicy. 
lar to the Subſtylar Line, wherefore E V ſhall le 
tbe Equinottial Line. 5 | 
If we have not the Center of the Dial, ae hart 
drawn RP G and OQN parallel to one an- 
ther, and RN, GO interſetling in E, and p F ( 
paſſing thro the ſame Point F, then by reaſon o 
the like Triangles we bave RG to ON as Rp u 
GP te AN; therefore PQ, MT, RO 

ought to meet in one and the ſame Point C, which 
ſhall be the Center of the Dial, or elſe they ſhall b 
all three parallel to one another, and then the Di. 
al ſhall have no Center. 


_ $HAP 
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CHAP. XVII. 
emarques aud Practices for divers 
Abridgments in the Operations of 
the fore-going Chapters, 


| J. 


Fig. 18. Aving found the Subſtylar Line pe 
and the EquinoCtial Line e a for 

he Style ſy, if you would remove the Subſty- 
kr and Equinoctial Lines to another place of 
the Plane of the Dial; the Line P E parallel to 
ye ſhall be another Subſtylar Line, and V E 
parallel to e u or perpendicular to P E paſſing 
thro any Point of the Subſtylar Line PE, ſhall 
de the Equinoctial Line, and we determine by 
the following Method the Poſition of a Style for 
the two Lines PE, EV, whereof the height 
ſhall be given of any length, or we will deter- 
mine the height of a Style whereof the Poſition 
ſhall be 3 the Subſtylar Line PE. 
Firſt, Let the Line AR be given for the 
beight of the Style, which ought to be ſet for 
the Subſtylar and Equinoctial Lines P E, E V. 


1 


Make 


[53 ] 

Make E P equal to e p, and ſet it the (any 
way (that is the Point P muſt be ſet above th 
Point E if the Point pbe above the Point e, and 
below it, if it be below it) and make EZ equi 
topſ, and E Z equal to RA given, and dray 
LP and Z R parallel to Z P, meeting EP in 

R; and the Point R ſhall be the Foot of the 
Style , the height whereof RA is given, 
Therefore if you fix a Style, whereot the 
Foot may be R, and the Diftance between the Ml | 
Point thereof A and Foot R, may be the height Me 
pow to the Line ZE, the Propoſition is fats- We 


But if the PointR were given for the Foot of or 
the Style, and the height were required: draw {Wm 
PZ, as before, and by the Point R draw RZ Win 
parallel to P, and E Z ſhall be the height of WM Y 
the Style whoſe Foot is the given Point x. 


; II. 


The Subſtylar Line C E, the Equinoctial 
Line E V, and the Meridian Line C M,anſwers- 
ble to the Style 8 P being given, we may take 
what Point we will in the Subſtylar Line as K, to 
the Center of the Dial, without altering the 
Subſtylar Line or Equinoctial, and the Line 

m drawn. parallel to C M ſhall be the Meri - 
dian Pine, but the height and poſition of the 


tod. 
MEER Make 


—— 


— — 
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Make E z equal to PS, and draw M and 
PL, and draw m R and RZ. parallels to MPH 
nd P Z., and the Point R ſhall be on the Sub- 
lar Line, which is the Foot of the Style, 
whereof the height is RZ. perpendicular to the 
point R on the Plane of the Dil. 


un. 


If the Subſtylar Line C E were given with the 
Meridian Line C M anſwering tothe Style P 8, 
e may take any Point as to be the Foot of 
Style , 'whereot the 1 5 is to be determiaed; 
u the Style beim given of any height to deter- 
nine the Poſition of the Foot þ without chang- 
ed the Meridian or the Center of the 
F . 
the Foot of the Style p be given, and we 
ve to determine its height, by the Foot of the 
dyle P, put for the finding of the Meridian and 
dubſtylar Line, let «24m drawn P S perpen- 
| WW dicular to the Subſtylar Line and equal to the 
eight of the ſame Style, and let c$ be drawn 
y che Center of the Dial; and from the given 
boint p let p / be drawn parallel to PS, till it 
meet CS in the Point 6 and p / ſhall be the 
ag of the height ofthe Stzle , which ought 
to be placed at the Point 5, and the Meridian 
CM ang the Center of the Dial C are not 


But 
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But if p/were given for the height of the 8, 

it muſt be put upon PS prolonged if it be ge. 
ceſſary in PE, and z / muſt be drawn pary. 
lel to CP to meet with the Line CS in »/ 
and ſp being drawn parallel to SP , ſhall give 
the Point p on the Subſtylar Line for the Fog 
of the Style required, whereof the height B 
given. 


IV. 

Fig. 19, The Meridian CM being gien 
with the Equinoctial Line EM, we may find MW? 
another Equinoctial as e m, without changing 1 
the Meridian, the which EquinoCtial e m fra gol 


make the Angle e m C withthe Meridian CM the 
equal to the Angle EMC, but we muſt find ano- 
ther Style by the following Method. 
If the Center of the Dial be given at the ac 
Point C, by the Foot of the Styles Þ which have 11 
ſerved to find the Meridian and the Center C, (na 
having drawa PS perpendicular to the Subſty. ſ 
lar Line CP, and equal in length to the tame I. 
Style, let e ſ be drawn parallel to E &, and from 
the Point / draw ſ parallel to S P, meeting the 
Subftylar Line in the Point p, which ſhall be the 5 
Foot of the Style required, whercof p ſſhall be * 
the height. Abs | 
But it we have not the Center of the Dial, 
we muſt draw the Line S / by the Point S which 


determines the Inclination of the Ax with = 
du 


<2 _ 
, 
a rm 


91 — 
dabſtylar Line, by the Practice of the 1670 Chap- 
V, and we ſhall find as before the Point p for 
he Foot of the Style required, whercot the 
eight ſhall be p /. | 


V. 


Fig. 20. If after you have drawn the Meridi- 
Line C M and the Subſtylar Line BP, we can- | 
not have the Equinoctial, becauſe the Style has 
been put too long, we may diminiſh it as much f 
vs we pleaſe , without changing either the Foot 
hereof or the Subſty lar Line; but we muſt find 
another Meridian and another Horizontal Line 
phich may anſwer to that Style, and theſe Me- 
ndian and Horizontal Lines ſhall be parallel te „ 
the firſt Meridian and Horizontal Lines. 

Therefore draw the Line e m M by any Point 
ofthe Subſtylar Line as e, which may be perpen- 
dicular to it, that Line may be the Equinocti- 
Line; but the height of the Style muſt be 
changed in draWing e 7 perpendicular to the Line 
d ſ which determines the inclination of the Axx 
with the Subſtyle, and that Line e/ meeting 8 P 
which is a perpendicular to the Subſtylar Line by 
the Foot of the Style, and. which 1s his height, 
o that for the EquinoCtial Line e mm, P = ſhall be 
e height of the Style required; but there muſt 
de another Meridian found, whether the Center 
«the Dial be found or not founl. 

Take 
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Take onthe Subſtyle the length e B equal ty 


draw B M, andalſo take eb on the Subfy 


Line equal to e , and by the Point 6 draw] 
parallel to B M meeting the. Equinoctial 
em in the Point m, aud let cm be drawn Par; 
lel toCM, the Line em ſhall be the Meri 
tor the Style, whereof the Foot is in P, the heig 
is Px, and the Equinoctial Line e m. 
And we may yet change if we will the Fo 
of the Style or its height, according as neceſſ 
requires by the former Obfervarions. + - 
But for the Horizomal Line DH which} 
been found forthe Style whofe Foot was P 
Ps the height, the which meets the Subſtyle 4 
the Point H, if you would find another for th 
Style whoſe heightis P x, without placing eff 
ctually that Style to make uſe of the Prad 
taught in the 4tb Chapter , you have no more 1 
do but to draw SH, and by the Point ⁊ the Link 
Z h parallel to SH meeting the Subſtyle in } 
and the Line 4+ parallel to DH, fhall be t 
Horizontal Line required; © 
,. Laſtly, a Dial being drawn on a Plane, we ma 


transfer it in what other place we will on the ſam 


Plane, by drawing of parallel Lines to thoſe that 
are drawn, fo that we keep the fame order anc 
the ſame proportion between them in their meet 


ings, but the Style ought to be put at the Point 
which anſwers to the Point of che firſt, which 1 


for its Foot. 7 


THE 


THE 


FCOND PART: 


THE 


PREFACE. 


- Wucerniug the choice which we ought 
il io make of the Practices to draw 
ff the Subſtylar, Equinoctial, and Me- 
md ridian Lines ; and to place tbe Cen- 
ter of the Dial, according to the Ex- 
XII 


poſit:ons of the Planes propoſed. 


* 
o 
* 


| Aving 


| 


* 


different Practices to find the principal Lines 
if Sun Dials , I think it will not be. amiſs to. 
re ſome Inſtructions concerning the Uſe which 
emay make of theſe Practices, following the 
ilſerent Expoſitions of the Planes propoſed on 
hich the Sun Dials are ro be drawn. 


MW Therefore it is neceſſary to know ſomething 


South before we begin any thing; which may 
| be 


* 


ught in the firſt Part of his Treatiſe, 


ar, the Poſition of the Plane in regard of North 
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be done by a ſmall Declinatory , which preſem be £ 
ly ſhews on what ſide the North, South, ENVec 
or Weſt is; which thoſe that are uſed to obſerMorts 
the Sun, may know by ſeeing in what manner War! 
ſhines upon the Plane according to the Hy 
and Seaſon of the Lear. | 
Then we may well conceive after what mal 
ner the Ax ſhall meet with that Surface, 
conſequently we may judge of the Poſition 
the Subſtylar Line, of the Equinotial , and al 
of the whole Dial. | 
But conſidering a Dial wholly made, it isn 
difficult to know among divers manners whic 
we may uſe, that may be moſt fit and mo 
eaſie for the Conſtruction of the Dial. 
Therefore we may preſently ſec. that it v 
be uſeleſs to find the Center of a Dial os d 
Meridian on a Plane which comes near either (iS 
the Eaſt or Weſt, and that the EquinoCtial Lin 
being ſet on ſuch a Plan, we need not find th 
Point of Mid-day, and that we muſt uſe th 
Point of the Sixth Hour to begin the Diviſions off 
the Horary Intervals on that Line, or on th 
Horizontal Line. . 
Alſo we may ſee that on theſe ſorts of Plaut 
we cannot uſe the Practices where we ought tit; 
bave the Points of Shadows atter Mid-day,whic 
may be anſwerable to others taken in the Morn) 
ing; for that which is of thoſe which give tha 
Folicion of the Meridian of the Plane , _—_— 
5 | the 


. e 


9 — — — — yy — — _ 
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be Subſtylar Line „ by ho correſpondent Points, 
oe can never fitly make uſe of them on theſe 
Whrts of Planes: For if the firſt Point hath been 
mark'd a little too far from that Meridian, we 

in never have it's correſpondent Point. 

Alſo we muſt not uſe the Practices of cor- 
zſpoudent Points of Shadows, or the "Tract of - 
the Shadow, if the Circle that is deſcribed from the 
12 of the Styls as a Center, meets that "Tract 

n Anples too acute; for we cannot determine 
diy that meeting, and this inconvenience 

nay happen to the Practices on all ſorts of Planes 
any Seafdn of the Lear. | * 
If the Dial be large, of if the Diblination ©) 

he Sun has changed confiderably between the 

ber vation v of the Points of Shadow, we have 
t exa Hy the Lines which we ſeek by thofe 

r (WraQices where we ſuppoſe that it hath not been 
nhanged between the Obſervations, _ 
In the Practices of this Second Part we fup- 
oe always that the Equinoctial Line or Hori- 
s offontal Line is drawn, and that we have mark'd 
n that Line the Point where the Hour of 12 or 
meets with-it; at which Points we begin the 
avWrifion of rhe Hours on thoſe Lines; but ro 
t ti aw them we mult have the Center of the Dial, 


ch! at leaft the Imchination of the Axis to the Sub- 
er Line, which has been taught in the 
E Part, 

h 1 


To mar k (be P Points of the Aſtronomique 
Hours on the Equinocttal] Line 
and by thoſe Points iv draw the Hou 
Lines. 


Fg. 21. Et SP be a Sty le, whereof S is th 
| Point and P Th Foot, E XII, 

the Equine Line; on which the Point Xlli 
the meeting of the Equinoctial with the Meridi 
an, and the Point VI1s the meeting thereof wil 
the Hour of Six and with the Horizon ; PE 
is the Subſtylar Line which meets with the Equi 
noctial in E. 

Make EA on the Subſtyle equal to 'E 8, which 
is the Diſtance between the Point E of the Equi 
noctial and S the Point of the Style, and dray 
A XII or AVI, or both of them, it you hay 
thoſe to Prince on the Equinoctial Line 
the which two Lines A XII , AVI, ought tt 
make a Right Angle at the Point A; then on tb 
Point A as a Center, at any Diſtance deſcribe a 
Arch of a Circle be, which ſhall cut the Line 
AXIIand AVI at the Points band c , and divid 


the Circle from 15 to 15 Degrees, begraning] 


11910, 


1 07 ] 


the Point Y, or at the Point C; then draw ſtrait 
Lines from the Center A, and by the Points of 
the Diviſion of the Circle, which muſt be prolong- 
ed, if it be neceſſary, to the Equinoctial Line,on - 
which it ſhall give the Diviſion of the Hours 
which are to be mark'd, accordin g to the apparent 
motion of the Sun from Eaſt to Weſt, 

Then by the Center of, the Dial, and by the 
Prints of the Hours which are mark*d upon the 
EquinoFial Line,, draw ſtrait Lines, which ſhall 
be the Hour Lines. 1 

Bur if we have not the Center of the Dial, and 
we have only the Inclinat ion of the Axis 2 ⁊ to 
the Subſtylar Line e E, you mult rake any Point, 
5 e, on the Subſtylar Line, and by that Point e 
having drawn a ſtrait Line e 1 2, parallel to the 

quinoctial Line E XII; and drawing e æ per- 
pendicular to Z., make e « equal to eæ, an 
by the Point a draw the ſtrait Lines a 11, 4 12, 
1, Oc. parallel tothe Lines A XI, A XII, Al, 
hee. and by theſe Points, where theſ: Lines meets 
ith the Line e 12, and by thoſe which are 
reſpondent to them on the Equinoclial Line, 
iy the Hour Lines 11 XI, 12 XII, 11, 2 II ET 


Demonſtration. 


The Plane SIE is the Plane of the Equino- 
Fial by the Conſtructions of the Firſt Part, and the 
Triangle A XII E being the [ame with the Trien- 
/AIIE, we ought to put upon the Plane 1 

2 he 


FT... 
the Triangle A XII E the Hour Lines 15 Der, 
the one from the other about the Point A, in 5 
ning from the Line A XII or A VI, which are 
Inter neg of the Plane of the Meridias, or 6 
the er bi Hour Circle with the Plane of th 
EquinoFial ; but all the Planes of the Hour Cire, 
inter ſect one "another in the Axis, and do alſo js 
by t he Center of the Dial which & the meeting | 
the Axis with the Plane of the Dial: Therefore il 
ſtrait Lines drawn from the Center of the Dial: 
the Points of the Hours mark*d on the Equinodli 
Line ſhall be the Hour Lines of the Dial, if the n 
al has no Center; or if the Center be at a pred 
diſtance from the Equinottial Line, the Pad 
that is here taught for that Caſe gives the * 
on the Line e 12, which is parallel to the Eq 
ctial Line; ſo as ' all the diffances of the Hr! Lim 
on that Lint C12, are in the ſame proportion wil 
their Difances on the Equinoctial Line, and tt 
each of theſe Diſtances on the Line e 12 have ti 
ſame proportion to their correſpondent Diſtance | 
the Equinoctial Line, as the Line e 2 bas toth 
Line EZ; therefore it follows that if the Di 
have no Center all the Hour Lines are paral 
te one another and to the Axis. And if it have 
Center, all the Lines ſhall meet in that Centa 
which c very manifeſt , kecauſe of the like Trig 
gles which are made by the Lines E XII, ei 
which are parallel to one b another 


CHA! 


LS 


CHAP. I. 


mark the Points of the Aſtronomique 
Hours ou the Horizontal Line. | 
nd to draw\the Hour Line by thoſe 
Points. 


Fig. 22. 8 Is the Point of a Style given, where- 

| of P is the Foot, MH D is the Ho- 
rzontal Line, PH is drawn by the Poine P (the 
Foot ot the Style) perpendicular to the Horizon- 
ul Line; M is that Point where the Meridian 
Line inter ſects the Horizontal Line, upon the 
Lne HP fer H / equal to HS, and draw the 
frat Line Ma, and make the Angle MA 
equal to the Angle of the elevation of the Pole a- 
bore the Horixon, then from any Point as A, ta- 
ken on the Line TA, raiſe a perpendicular from 
12 to A, till it meet with M in 12, and draw 
the Line 9, 12, 4, perpendicular to /a, and 
make 1 2 4 equal to 12 A; and from the Point a, 
5 Center, deſcribe a Circle at any Diſtance, and 
divide it into equal parts from 15 Degrees to 15 
Degrees, beginning the Diviſion where the 
Line @ 1 2 interſects the Circle; and draw Lines 
A F 3 from 


\ 


[ 


(70) 


from the Point 4, to the Diviſions of 1 
Circle, to meet with the Line 9.4 at the Poing 


| 
95 10, 11, 12, I, 2,3,4, Ce. And by tw N 
ſame Points and the Point ſ, draw ſtrait Ling 
which ſhall meet the Horizontal Line in tþ 
Points of the Hours required, which mult Ml - 
mark'd according to the Diurnal Mction of th 0 , 
San, of which the Point M ſhall be Noon, all 11 
D the Point of the Hour of Six. 5 
If the Line DO drawn perpendicular to [M ö o 
meet with the Horizental Line at the Point Daa 
Point ſhall be the Hour of Six on the Horizon. 
Line, which is the ſame Point where the Equi 4 
noctial Line ought to meet with the Horizontal f 
Line, as bath been taught in the Firſt Part. 1 
If we have not the Point of Mid - day on the of 
Horizomal Line, and we have but D the Pe 
of the Hour of Six, then draw D and [MMI, 
perpendicular to D, the which M meets the 
Horizontal Line, or not in M, for it is indiffe- Wl ( 
rent; then we do the ſame as we did before to 1 
find the Points of the Hours on the Horizontal 0 
Line. We may ſte by this Practice that it is not ne- Wl ; 
ceſſary that the Line { M4 ſhould meet with the 


Horizontal Lins. 
The Hour Lines are to be drawn from C the Wl; 
Center of the Dial, and by the Points of the 
Hours which have been found on the Horizonta: | 
Line. 4 
If the Dial have no Center, it is better to fol- 
low the Method of the precedent Chapter yen | 
chu, 


TE 
bis, ſeeing that we have always an Equino cti- 
Line in that Caſe. 


Demonſtration. 


The Plane fMD & the ſame with the Plane 
D by Conſftruttion, which u the Plane of the 
Horizon ; therefore all this Operation muſt be con- 
idered as made on the Plane of the Horixon which 
paſſes by the Point of the Style S, whereof MN #s 
the Meri dian given, or the Subſtylar Line, or D 
sthe Line of the Hour of Six , the Point ſ « the 
Center of the Dial, the LineſA the Inclination 
of the Axzs to the Subſtylar Line M; therefare it 
s that taking the Point A at pleaſure for the Point 
of the Styze , by the Practice of the 11th Chapter 
the Line 9, 4. , ſhall be the Equinoctial anſwering 


% Point of the Style, and by the Practice 
N the former Chapter the Lines ſ12, f, (2, Cc. 
babe the Hour Lines on that Plane, which meet: 
, the Horixontal Line MHD, which is alſo os the 


ſame Plane by Conſtruction with the Points of the 
Hours which they deſign ; therefore the Lines which 
at drawn thyo thoſe Poinis of the Hours on the Ha- 
nzontel Line, and by C ile Center of the Dial,ſhall 
the Hour Lines of the propoſed Plane, 3 


CHAP. Ill. 


Six Inter vals of Hours following one 
another being given, to araty all 
thᷣe other Hours. | 


Fig. 23. A let the Six Intervals of Hours 
AER 7 from CAto CF be given, draw 
Ee parallel to c 5, cutting e A in the Point A, 
CB in the Point B, C Din the Point D, & c. And 
make A h equal to AB, A d equal to A D, &. 
And from the Center C, and through the Point. 
bd e, &c. draw the Lines of the Hours that fol- 
low the precedent Hours. | 

It alſo you would have other Hours following 
the firſt or laſt found , you muſt repeat the Ope- 
ration in drawing another Line as Ee parallel to 
that which is the laſt of the Six Intervals of 
Hours. i | 

If the Dial has no Center, you muſt draw an. 
other Line as /t parallel to Ee, on which find 
the Points of the Hours as you found them on the 
Line Ee, and in joyning the Horary Points of 
the two parallel Lines E e and /?, you ſhall have 
the Hour Lines required. 8 


Demons 


— wy —— 


Demonſtration. 


If we imagine a Plane to paſs by the Line E Ae, 
md hich 1 parallel to the Plane of the Hour Cir« 
de of the LineC 5 it i man ſeſt that the Plane 


hall be perpendicular to the Plane that paſſes by 
Ae, becauſe that the Planes of the Hour Cir- 
des CA, C F, are inclined to one another by a 
Right Angle, and by conſequence the Axis meets 
wt with the Plane Kn. by E Ae, and it ſhall 
be parallel to it, and all the Lines which are the 
meetings of the Planes of the Hour Circles with the 
Plane that paſſes by E Ae, ſhall be all parallel to 
me anot her and tothe Ax. 
But becauſe the Plane that paſſes by C A is per. 
rendicular to the Plane by E Ae, the meetings of 
the Hour Lines upon that laſt Plane ſhall be e- 
qually diſtant by, order from the meeting of the 
Plane drawn by CA; that u to ſay, that the firſt 
im one ſide ſhall be as far diſtant as the firſt on the 
ther ſ:de , and that the ſecond hour on one ſide ſhall 
te as much as the ſecond hour on the other ſide, and 
ſofollowing in order; therefore the Line E Ae 
which is on that Plane , meets the parallel Hour 
Line at equal diſtance by order , both on the one 
nd the other ſide of the Point A, which was to be 
demonſtrated. „ 


We 


f the Hour Circle which paſſes by the Line CA, 
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We may conceive the Plane that paſſes by E A. 
& the Plane of @ Dial which has no Cen 
upon which all the Hour Lines are g ty 
one another and to the Axis; and that th, 
Hour Line which paſſes by the Point A i; th 
Meridian or the Do" Line of the Plane; then 
we may ſee 1 771 ly that the Hour Lines t hat ar: 
on one and the other ſide of that which paſſes thy 
A, are equally diſtant from it in order, and by 
conſequence if we draw a ſtrait Line any way un 
that Plane , the meetings of the Hour Lines bell 
on the one ſide and on the other of that which paſſe 
by A, ſppi be at an equal Diſtance from A. 


— L__ —_ 
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CH AP. IV. 


To draw the Parallels of the Twelve 
Signs. | 


Fg 24. Pilrſt draw the Line ſe and ſ at 
- Right Angles to it at the Point J, 

make the Angles aſd, aſk, each 23 Degrees 30 
Minutes, and the Angles a{f, 4 ſi, each of 20 
Degrees 11 Minutes, and the Angles a ſg, 4 fl, 
eachof 11 Degrees 30 Minutes, the Line /a 
denotes the Equinoctial, which is the beginning 
of Aries and of Libra; the Line [k denotes the 
| = 
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beginning of Ta urns and Virgo, ſz the begin- 
ning of Gemini and Leo, [k the beginning of 
Cancer, which is the Tropic of the ſame Sign; 
g the beginning of Scorpio and Piſces, f the 
beginning of Sagittarius and Aquarim, ſd the 
beginning of Capricorn, which 1s the Tropick of 
the ſame Sign. 

If the Center of the Dial be towards the North 
in regard to the Point of the Style, make ſe e- 
qual to 8S Cof the Dial, which is the diſtance 
between the Point of the Style and the Center, 
but if the Center be towards the South, in reſpect 
of the Point of the S/ le, make ſe upon c { pro- 
longed on the other ſide of the Point ſ. 

Then to find the Points of the Parallels of the 
Signs upon the Hour Lines ; as tor Example, On 
the Line ot Mid-day , you mult take the diſtance 
SXIl from the Point of the Style S to the Point 
XI, which is the Interſection of the Line of Mid- 
day with the Equinoctial, and ſer it from [to 12 
upon the Line /a, and having drawn the Line 
c 12 which cuts the Lines of the Signs in the 
Pomts d, f, g, b, i, , then we tranſport 
the Intervals 125, 121, 12k, 12g, 127, 
12d, inXI[TH, XIII, XUK, XIIG, XII F, 
XII D, onthe one and other fide of the Equino- 
2 Line, as they are on the two ſides of the Line 

a, FE 

And after the ſame manner having found the 
other Points upon each Hour Line, and likewite 
on the halves and quarters,or ather Lines coming 


from 


763 
from the Center, we draw by all the Poi 
which belong to the ſame Sign , the Line of the 
Parallel of the Sign, and fo for each of them in 
ticular. 
But if we have not the Interſection of the Equi. 
noctial Line upon the Hour Line, on which yon 
would have the Points of the Signs, in t hat caſe 
you may have always the Center of the Dial; 
therefore it it is, that having taken any Point, as R 
on the Hour Line, and having made the Triangle 
o ſr on the Baſe c f equal, and like to the Ti- 
angle CRS on the Baſe CS, and the Linecy 
being continued if it be neceſſary, ſhall meet 
with the Lines of the Signs in thoſe Points, 
which being ſet on the Dial, in obſerving from 
the Point C which is the Center, the ſame Di- 
ſtances which they have from the Point c. 

But if we have not the Center of the Dial, we 
may always have the Equinoctial Line; therefore, 
having taken (as for Example) the third Hour, 
on which we would have the Points of the Paral- 
lels of the Signs, then having taken the Point R 
at pleaſure, and having mark d / 3 on the Line 
{a equal to S Ill, which is the diſtance between 
the Point of the Style 8, and the Point where the 
Line of the third Hour propoſed interſects the 

uinoctial Line; on that Line ſ3 for the Baſe 
let the Triangle 3 r be made equal and like to 
the Triangle S III R, which has S III for its Baſe ; 


and draw 7 3 prolonged, which ſhall interſect 


the Lines of the Signs in Points which are to Fr 
NN nk ONS © el 


Do a ms 


TIF 
ansfered to the Line of the Third Hour, as we 
have taught here before. PP OR 

The Conſtruction of this Practice is fo plain, 
hat it needs no Demonſtration , for it is eaſie to 
Ge that the Plane c/ 12, is the ſame with the 


reſt 


A part of an Arch of a Sign being Prev, which 
is Parallel to the Equator , we may deſcribe that 
Arch by the Practice of the following Chapter. 


CHAP. v. 


The Eguinoctial Line being given, we 
may draw a Parallel to it by a 
Point gives on an Hour Line. 


Fig. 25. Tri Equinoctial Line A G is given, 
and the Hour Lines a A, PB, C, 
ID, &c. which interſect the Equinoctial in the 
Points AB CD, Cc. and the Point P on one of 
the Hour Lines is alſo given, by which it is re- 
quired to draw a Parallel to the Equator. 

By the Point P, and by the Point A, on the 
Equinoctial, the Point of the Hour next to B, on 
which is the given Point P, draw AP * 

| wit 


Plane of the Hour Cirele CSXII, and fo of the 
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with the next Hour to PB at the Point e, t, 
draw c E, ſo as the Points E and A may be 
qually diſtant from the Hour cC; the inte, 
ction d of the Line c E with the Hour Line D. 
ſhall be one of the Points of the required Py; 
lel; after the ſame manner we find another Pom 
7. and ſo of the reſt. 
But here it is to be obſerved , that if ther, 
be only whole Hours on the Dial, we ſhall ng 
have the Points ot the Parallel but for every o. 


ther Hour ; and if we have the Lines of the i 


half Hours, we ſhall have the Points of the Pa. 

.rallel from Hour to Hour, and ſif we have the 
Lines of the Quarter of Hours, we ſhall have 
the Points of the Parallel from Half Hour to 
Half Hour, and fo of the reſt; for if A P meet 
the Line of the half Hour ſb at the Point /, ha- 
ving drawn D fo as b D and b A may be 
equal, D ſhall meet the Hour Line e C at the 
Point K, which is as far from /b as P B, the Point 
K ſhall be one of the Points of the Parallel. 

If inſtead of the Equinoctial Line we have on 
ol its Parallels, that parallel being given, we 
do the fame thing as it it were the Equinoctial 
Line. 


Demon- 
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Demonſtration. 


The ſtrait Lines on the Plane of the Dial repreſent 
at Circles of the Sphere,therefore it i that the two 
reat Circles A yupr by CA and by C E, which 
n: equally inclined to the Hour Cirele c C, becauſe 
t C A and C E are equal, meeting PB and 
1d, which are equally diſtant and equally inclined 
nec, inthe Points P and d, equally diſtant from 
the Equinoctial Line B D, therefore P and d ſhall 
in one and the ſame parallel to the Equator, and 
6 of the other Points. 


— N 
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CHAP. VI. 


J draw the Italian and Babilonian 
Hours upon an Horizontal Plane. 

Ig. 26. THe Aſtronomique Hours being drawn 

on the Dial whoſe Center is C, and 
the Meridian C A and VA the Equinoctial Line, 
WE being divided into two equal parts in A, let 
the Points h, c, d, e, f, g, b, &c. of a Parallel to the 
Equator, be found on the Hour Lives by the Pra- 


ice of the fore- going Chapter, which Paral- 
l paſſes by the Point A. 
The 


> . 
>. % % N * 


POO Bs 0A 
The Line A 12 parallel to the Equinodighf 
ſhall be the Line of the 12th Italian Hour. 
The ftrait Line 6VII, which paſſes by 4 
Point of the Seventh Hour in the Morningoft 
Equinactial, and by the Point of the Firſt Hy 
after Noon of the Parallel, ſhall be the Line 
the 1 3th Halian Hour. 
The ſtrait Line c VIII which paſſes by! 
Point of the Eighth Hour in the Morning on tl 
Equinoctial Line, and by the Point of the { 
cond Hour after Noon of the Parallel ſhall be tiff 
14th Iralign Hour, the ſtrait Line d IX, which pz 
ſes by the Point of Nine in the Forenoon on 
Equinoctial, and by the Point of Three in the A 
ternoon on the Parallel, ſhall be the 1 5th Ital; 
Hour , and ſo of the reſt ; there being alway: Si 
Hours diſtance between the Hour ot the Equine 
tial and that of the Parallel. 
The Babylonian Hours are mark'd after th 
ſame manner, but only that which 1s done 0 
one fide of the Meridian for the Iraliau Hours, 
made on the other {ide of the Meridian for th 
Babylonian Hours, and they are counted after an 
other manner; as for Example, the ſtrait: Li 
that pafles by the Point of Mid-day of the Fons 
tor, and by the Point of the Sixth Hour 
Morning of the Parallel, is the Sixth Babylon 
an Hour; that which paſſes by the firſt Hour Al 
ternoon on the Equinoctial, and by the Po of 
the Seventh Hour in the Morning on the Para 
fel, ſhall be the Seventh Babylonian Hour, anf 
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We following , ſo as A 12 parallel to the Equator 
ll be the 12th Babylonian Hour tor the Hori- 
ontal Dial. ö | 


Demonſtration, 


Fig. 27. If we imagine a Parallel to the Equa- 
ir, which paſſes thro the Inter ſectiom of the Meridi- 
n and Equator , it is evident that the Horizontal 
Circle ſhall touch that parallel at the Point where 
the Meridian Circle cuts it; and if we conceive 
that the Horizontal Circle be faſtened with the 
Parallel and the Meridian, then when the Me- 
ridian bath advanced 15 Degrees on the Equater 
in going according to the Motion from the Eaſt to 
the Weſt, the Plane of the Horizontal Circle in 


| 


he Veſt part, and the firſt Babylomian Hour on 
the Eaſt part; and then when it hath advanced 15 
l'orees more, the Plane of the Horizontal Circle 
Wb! ark the ſecond Italian and Babylonian Hour, 
md ſo on; ſo as then when it is arrived tothe 12th 
our, the Meridian Circle ſhall be found in its firſs 
ben, for it has made half a Revolution; bu; 
Ai nyrizon that cuts the Plane of the Meridian at 
Vis Anples , ſpall be found in a Poſition oppoſite 
bat which it bad at firſt; that « to ſay, that i 

H be the meeting of the Horizon with the Me- 
dian, $ Cthe Axis, CE the Plane of the Dial 
urallel to the Horizon ; after that the Meridian hath 
ed over 12 Hours of the Equator , or that S H 
G d 


that Poſition , ſhall mark the firſt Italian Hour on 
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hae puſſed over 12 Hours of the Parallel; the Lin 
SH ſhall fallm12.S A : So as the Angle 128 0 
ſhall be equal to the Angle HS C therefore C $ 4 
ſhall be an Equicrural Triangle; and ſo allo th 
Triangle S AE ſhall be Equicrural, S E be ing thi 
meeting of the Equator and Meridian; thereſen 
SA is equal to C and E both together ; therefim 
CAand AE are equal: But CE e the 
Meridian of the Horizontal Dial, wherein C | 
the Center, E the Interſection of the Equinoctial, 
and A the Interſection of the 12th Italian or Babylo- 
nian, which muſt be perpendicular to the Meridian; 
for im that Peſition the Plane of the Meridian i re 
turn id to its place, and the Horizon which has nt 
changed its Inclination which it has with the Me- 
ridiay remains always at Right Angles to it. There- 
fore it ſhall interſe& the Plane of the Dial in à Lin 
perpendicular to the Meridian, the Plane of the Di- 
al being parallel to the Horizon in that firſt Poſitim 
and that Line cug ht topaſs thro the Point A of the 
Meridian , which divides the Line C E into tw! 
equal parts. | | | 
If ve conceive a Cone which has for its Baſe tht 
Parallel to the Equator H IZ, and for its Vertex thi 
Center of the Sphere, the;Settion of that Cone with 
the Plane of the Dial, ſhall be the repreſentation 0 
that Parallel, but the Plane of the Dial 4 paralle 
to one of the Planes, which touches the Cone; there 


fore the Section or the Repreſentation of that Paras 
lel ſhall be @ Parabola. 


4 
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And ſeeing that all the Planes of the Italian and 


Babylonian Hours are alſo the Planes which touch 


that Cone, the Lines of thoſe Hours ſhall touch the 
jarabola which 1s in that Section. 


CHAP, VII. 


7 draw the Italian and Babylonian 
Hours, oz a Plane which i not Ho- 
rizontal. | : 


Fig. 28,7 He Aſtronomique Hours being de- 
fſcribed, and the Horizon RH 
which is one of the Hours required, being drawn 
n the Plane of the Dial with the Equinoctial 
Line, we draw a Parallel to the Equator d, b, R, e, 
which paſſes by R the Interſection of the 
Horizon, with any Hour Line, as in this Exam- 
:, with the Hour Line of II, by the Prattice 
the 5th Chapter. And ſeeing that the Horizon, 
hich is the Line of the 24th Italian Hour, inter- 
«& the Parallel in R, at the Point of the Second 
our after Noon, and the Equinoctial Line at the 
ſoint of the Sixth hour after noon the Line of the 
rt Italian Hour ſhall paſs by the Point e of the 
alle}, which is the Third Hour after Noon, and 


ue Point of the Equinoctial; the Line of the 
ond Italian Hour ſhall paſs by the Point f of the 
D 2 Paral- 


29 — 


E | 
Parallel, which is the Fourth Hour, and by the 
Point of the Eigth Hour on the Equinoctial Line; 
and ſo of the reſt we find all the Points by which 
the Italian Hours onght te paſs , fo as the Eigh- 
teenth Tralian Hour paſſes always by the Point 
ot Mid- day of the Equinoctial Line, and by 2 
Point of the Hour of a Parallel, which ſhall be 


ſo far from the Point of Mid-day as the Point R ö 
of the ſame Parallel, which is the Interſection of 


it with the 1 Line, is the Point of the 

Sixth Hour after Noon, which is in this Exam- 1 

ple at Four Hours diſtance, ſeeing the Point Riu 
an Hour of the Afternoon. ä 

5 ; h 

Fig. 29. But if the Point R, by Which the Pa- 6 


rallel to the Equator is deſcribed, were the Inte: 
ſection of an Hour before Noon, we muſt con- Mer 
ſider that that Parallel ought to meet alſo the Ho 
rizon in a Point of an Hour, which is ſo far fro 
Noon, as that is by which we have deſcribed it 
for Example, It the Point R were the Interſecti 
on of Nine in the Morning with the Horizonta 
Line, the Parallel to the Equator deſcribed by 
the Point R, ought to meet the Horizontal Ling 
in the Point H, which is upon an Hour Line of] 
ſo far diſtant from Noon as is the Point R; that Mit 
to ſav, that the Point H ſhall be the meeting WW a6; 
the Third Hour after Noon with the Horizontq; gen 
Laine; and the Line of the 24thltalian Hour, whicq a 
is an Occidental Portion of the Horizon, ough 


to be taken from the Point of the Third Hour « 
| | t 


— Wo — CC — — —— — — : — _ 
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the Parallel with the Point of the Sixth Hour afte 
Noon of the Equator, and in counting as we have 
done before, we ſhall find that the Firſt I- 
t:lian Hour ſhall paſs by the Point of the Fourth 
Hour on the Parallel , and by the Point of the 
Seventh Hour after Noon on theEquinoctial ; and 
that the Line of the Second Italian Hour {hall paſs 
by the Point of the Fifth Hour of the Parallel, and 
by the Point of the EighthHour of the Equi nocti- 
l, and ſo on; and we draw only thoſe that are 
yiſible, for the others are of no uſe, and ſerve 
only to count and to place thoſe which are of 
ule, | 
Theſe Rules are for the Italian Hours, but for 
the Babylonian Hours, which have for the Twen- 

ty fourth Hour the Oriental Part of the Horizon, 

if the Parallel which is deſcribed by the Point R 

of the Horizon, were the meeting of the Horizon 
with the Line of the Ninth Hour before Noon, 
the Firſt Babyloman Hour ſhall paſs by the Point 

or the 1 oth Hour in the Morning ot the Paral- 

(| , and by the Point of the 7th Hour in the 
Morning on the Equinoctial; the Line of the Se- 
"IF cond BabylonianHour ſhall paſs by the Point of E- 
un kven before Noon on the Parallel, and by the Point 
Eight on the Equinoctial, ard lo of the reſt; and 
the Point Rof the Parallel were the Point of any 
Afternoon Hour, we mult take its correſpon- 
(eat before Noon to begin to count the F aby lo- 
Wiz Hours, which is the Contrary of that 
G 3 ._ _ which 
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which we have done for the Italian Houn 
We mult obſerve, that if we deſcribe the Lines 
by the Interſections of the Aſtronomique Hou. 
Lines with the Italian or Babylonian, in taking 
thoſe Pointsof Interſection in order from the E. 
quinoctial Line, thoſe Lines ſhall be the Paral. 
lels to the Equator , which ſhall meet the Hor. 
zontal Line in the ſame Points where the How 
Lines meet. 


Demonſtration, 


After that which hath been demonſtrated in tbe 
afure-going Chapter, concerning the generation 0 
the Italian and Babylonian Hours , it (uffices here 
to explain after hat manner the Horizontal Line I f 
meets the Aſtronomique and Italian Hour Lines in 
one and the ſame Point. 1 

It & caſie to ſee that when the Horizon which we 
have ſuppoſed to be faſtened to the Meridian without 
changing its Inclination that it has with it, 
moved by the motion of the Meridian, that if the 
Meridian ad vanceth 15 degrees on the Equator; 
a:ſo ti:at Point of the Horizon , let it be what it wil 
be, ſhall advance 15 degrees on the Paral- 
lel which that Point deſcribes : Therefore if we de- 
 {crive a Parallel to the Equator by one Point of the 
Horizon, by wi'ch Point paſſes an Aſt ronomique 
Hour Line, it & manifeſt that all the fame Hour 
Lives hal divide that Parallel from 15 to 15 de- 
grees; Therefore it is that all the Italian Hour Lo 

ic 
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which ought to paſs by the Points of the Hours of the 
Equinoetial „ ſhall alſo paſs by the Points of the 
Hours of the Parallel; and it u alſo manifeſt that 1 
we may draw Six Parallels to the Equator by the 1 
ſix Interſections of the Horizon with the [ix Hour I! 
Lines 12, 1, 2, 3, 4, 5» and that the Italian Hours © 
paſs in order by the Points of the Hours of thoſe 1 
Parallels ; and it alſo follows that all the Lines of | 
the Italian and Babylonian Hours fhall touch the 
Parallel deſcribed by the Point of meeting of the ' 
Horixon and Meridian, and that all the Points of | i 
touching ſhall be the meeting of the Aſtronomique | 
Hours with the Parallel, andthat there will be al- 
ways ſix Hours Interval between the touching 
point upon the Parallel, and the Point of meeting o f 
the ſame Hour upon the Equator ; for the Plane of 
the Horix on touches that Parallel at the Point of 
Mid-day , the which Point deſcribes the Parallel. 


CHAP. VIII. 


To continue the Deſcription of the Itali. 
an ard Babylonian Hours, when the 
Parallel or the Equator is wanting 
01: ie Plane of the Dial. 


F ig.28.FF thePoint þ be the laſt that is found on 

the Parallel by means of the Equinoctial 
Line, lollowing the Practice of the 5% Chatter of 
this Second Part, and that the Line 6 III be the laſt 
Italian Hour which we can mark by help of that 
Parallel, that Line þ III ſhall meet with ſome A- 
ſtronomical Hour in ſome Point as 22, if by the 
Practice of the Fiſthᷣ Chapter of this Part we find 
the Points Ino of the Parallel which paſſes by m, 
and it they be on the Hour before or after that, on 
which is the Point 92; we continue to draw the 
Lines of the Italian or Babylonian Hours by the 
Points of the Hours ot the Parallel n, and 
by the Points of the Hours of the Equator, in 
following the ſame order as before, and if the E- 
quator be wanting in uſing the Practice taught 
at the end of the 5:h Chaprer , we ſhall find the 
Points of another Parallel by the Parallel that is 
given, 
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given and then we may joyn the Points of the 
Hours on the two Parallels in following the for- 
mer Order. 


There & nothing in all this that deſerves any long 
Explication , nor any other Demonſtration, than 
that we have given in the Two fore: going Chap- 
ters, 


CHAP. IX. 


four Atrenomique Hours 4/7119 giwiet, 
following one another tu order, wil 
che Equinoctial Line. 

To find the other Hours. 


Fix. 30. Ec the four Hour Lines following 

one another be Aa, Bb, Cc, Da, 
mth the EquinoCtial Line EF,; from a Point a, 
aken at pleaſure in one of the laſt Lines Aa, 
having drawn D which cuts Bin B, and Cc 
ng; alſo by the ſame Point &, having drawn 
C which cuts B in h, let Ah be drawn, which 
meets Ce ine, and Bg which meets Dd in d. 
kt c b, c 4 be drawn prolonged to the Equinocti- 
1 Line to the Points E, F, the Hour Lines Ee, 
Ff, drawn by the Points E F, ſhall be the Hour 


Lines 
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the Point g to the Point i, and in drawing 2 
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9 
Lines required, whereof Ee ſhall be diſtant from v 
Aa one Hour, and Ff fhall be two Hours frenM 
DA: Therefore B D being prolonged to f inthe 
Line F f, and Fd to], in the Line Bb, hayny 
drawn Cf which cuts Dd in i, Ii prolonge 
ſhall meet the Equinoctial in M, by which ten 
Hour Line M ſhall be between the two Hou. 
Lines DdandFf, and theſe Seven Hour Line -" 


being found, we may have all the reſt by the f. 
ctice of the Third Chapter. A 


Fig. 21. There are many Caſes where Three 
Hour Lines are ſufficient with the Equinoctial andi 
Horizon; for Example, If we have three Hout 
Lines 4 2, l 3, and c 4, and the Equinoctial Line J. 
24, and Horizontal Line à c, having drawn 44, 
which cuts ᷣ 3 in d, and having drawn 2 4 which! 
cuts e 4 inf, draw 2 c, which cuts b 3 ine, and 4%“, 
which cuts 22 in þxthere ought a ſtrait Line to pak 
by the three Points f 6h, which ſhall meet the E- 
quinoctial in the Point g, which is one Point of thi 
Hour as far from the Hour 6 3, as is the Hour Line 
of Six: Therefore if the Hour Line be be the fourt 
Hour, a 5 ſhall be the third, and g z ſhall be the 
ſecond ; but in this Example, h e being the thitꝗ i 
Hour, g # ſhall be the 12th Hour. 

The firſt Hour between 12 and 2 is found by 
drawing g c, which cuts 4 2 in ł, and 4 & which 
cuts the Hour Line gi, which was drawn b 


which 
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vbhich cuts gh in u, the Hour Line by the Point | 
ſhall be the farſt Hour, 


—— 
— 


Demonſtration. 


D | _ 3b. — © 


By that which hath been demonſtrated in the 
th Chapter it is manifeſt that the Points a and c 
we in the ſame Parallel; alſo that the Points b 
ad are alſo in the ſame , therefore the great Cir- 

W es that are repreſented by the Lines cb E, cdF, 
we equally inclined to the Equator , the one en one 
de 5 and the other on the other, but c bF has the 
lame Inclination as a bD, becauſe of the equal 
tarts of their Parallels ac, bd; and there zs a ſpace 
of three Hours between CC and F, and between 
C and E; therefore the Hour which paſſes by the 
Punt E u the next to that which paſſes by the Point 
A, but there are tuo between the Points D and F. 
1: By the ſame Conſtruct ion the Points | and f are 
n the ſame Parallel, but f i c and li M repreſent 
qreat Circles equally inclined to the Equator , be- 
cauſe of the Points | and f hich are in the ſame 
Parallel, and equally diſtant from the Point i; there. 
Mir: DC and D M repreſent equal parts of the 
Lau ator, which are each of them an Hours diff ance 
om one another. | 

As concerning that which u of three Hour Lines, 
ting that by Conſtruction the Points a and f are in 
te ſame Parallel, and likewiſe h and c, the Lines 
th and a c which is the Horizon , repreſent Cir- 
ies equally inclined to the Equator ; therefore there 
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is as much liſtance - between the Point of the Hy 
of Six upon the Equinotial and the Hour Line be 
as there at between the ſame Hour Line be an 
the Point g. Ve demonſtrate as before that 13 
Point n divides the inter val between the Hour Line 
gi and a k. 


CHAP. X. 


A Dial being given which is alreach 
drawn , io find the foot of the Style 
which did ſerve todraw it, and 10 
determine ihe bertehth thereof. 


Fig. 32.T He Line A Bis the EquinoQial 

: Line, and the Diſtance AB on 
that Line is the Interval of any fix Hours; having 
divided A B into two equal parts inthe Point G, 
from the Point G as a Center, on the Diameter 
A B deſcribe the Circle A. S, B, d, f, and mark 
the Points d and f which divide the Semicircle in- 
to three equal parts; A F, F D and DB are each 
the Interval of two Hours on the Equinoctial 
Line: the Lines 4D, f F ought to meet the 
Crrcumference of the Circle at the Point 8, and 
the Line 8 E drawn perpendicular to the Equi- 
noctial Line ſhall be the Subſtyle. 6 


8538 
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f we have C the Center of the Dial, on the 
jameter CE, having deſcribed the Semr circle 
ZE, and having applied in it the Line E Z. 
nal to ES: Z. P being drawn perpendicular 
the Subſtylar Line EP, and mcetiſg it at the 
unt P , that Point ſhall be the Foot of the 
le, whereofP Z. ſhall be the heighth, 

But if we have not the Center of the Dial, ha- 
ng drawn a e parallel to the Equinoctial, and 
om the Point a having drawn 4 / parallel to AS 
aich mcets the Subſtylar Line in /, from the 


he Arch ⁊, and from the Point e as a Center and 
hem diameter e / deſcribe the Arch x, and draw 
he ſtrait Line x % which ſhall touch the two 
ches x and 2 , and that Line x 2 ſhall deter- 
nine the Inclination of the Axis to the Subſtylar 
ne, and having drawn E z perpendicular to 
from the Point E, and from the Point z 
be ſtrait Lane z P perpendicular to the Subſtylar 
LneEP, the Point P ſhall be the foot of the 
le, whereot P Z. ſhall be the height. 


Demonſtration. 


If we ſunpoſe the Circle AS Bd to be on the 
Plane of the Equinoctial, it is manifeſt that the 


Point of the Style ought to be one of the Points of 


31 . . © * 0 - 
e Circumference of the Semiciri'e HSB, be- 
| cat, 7 


* 


intE as a Center, and Semi-diameter E S, deſcribe 
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cauſe the ſix Intervals of Hours that are 0 tj, 
Equinoctial from A to B, forthe Angle AS B, i, 
what place ſoever the Point S is, ought to be 4 
Right Angle: And alſo the Lines drawn from that 
Point & to the Points of the Hours of the Equinogi. 
al Line , ought to comprehend equal Angles each 6 
15 degrees in the ſame Point S; therefore the Arch. 
e, At, id, and d B being each of 60 degrees, 
ſhall ſubtend Angles of 30 degrees, which are each 
in value tio Hours, and conſequently the Lines f F 
and d D ſhall be Hour Lines on the Equinoctial; 
therefore they meet in the ſame Point S upon the 
Circumference of the Circle which determines the 
Point of the Style iy reſpect of the Equinoctial, and 
the Line S E drawn perpendicular to the Equinoctial 
Line, doth there give the Point E which & one 0 
the Prints of the Subſtylar Line; but the Subſty- . 
lar Line ought to be perpendicular to the Equinocti- 
al Line; therefore the ſame ſtrait Line S EP ſhall 
be the Subſtylar. s 

The Ars ought to make a Right Angle with the 
Plane of the Equinoctial, therefore the Line ES 
which is equal to that which ought to meet the Axis 
on the Plane of the Egquinoctial, ought to make a 
Right Angle with the Axis. 

Therefore if we have c the Center of the-Dial,and 
i ve deſeribe the Semi-circle C Z E, applying E 2 
equal to ES in that Semi- circle, it 57 that | 
CZE ſhall bea Right Angle, and that the Line 
C repreſents the Inclination of the Axis to the Sul. 
ſt;lar Line CE, and that the Point Z * 


1971 
point of the Style which has ſerved to draw the 
l: Therefore Z P which is drawn perpendicu- 


point P ſhall be the foot. 

But if we have not the Center of the Dial, it 
nunife/# by Conſtruction that the two Lines ES 
ſhaving one of their extreams in the Points E e, 
nber will be had inthe Axis, if the Line that 
w the tao laſt extreams be perpendicular to thoſe 
Lines which ought to be parallel; but it is alſs 
dent that the Line x 2 which touches the t 
eher of Circles which have for their Semi-diame- 
E S, e ſ. ſhall be perpendicular to the two ſtra:t 
ms E Z, e x, which come from the Center to the 
uching Points; therefore the Line x Z gives the 
wlinarion of the Axis to the Subſtylar Line, and 


LU, le Line 7, P drawn perpendicular to the Subſtyle, 
A ul determine the height of the Style, whereof P 


ul be the foot. 


4 CHAP. 


CE, ſhall be the height ofthe Style, whereof 


—— 
— — * 


CHAP. Kl. 


To place the Axis. 


Ir we would have the Hours ſhewn only byt| 
ſhadow of the Point of the Style, we ought 
make and to place the Style after ſuch a man 

as may ferve without changing of it. 

We may give it divers forms, but one of tit: 
beſt is, to make it waved to the end, that the Sh 
dow thereot may not unite with the Hour Lin 
inany place, and that we may always know th 
it is but only the Shadow of the Point that ſery 
to ſhew the Hours. 

But if you would have a portion of the Axis 
ſhew the Hours, and that the Axis be repreſen 
ed by an Iron Rod, the Style we have placd 
ought to have thePoint very ſmall, that it may e 
ter into a little hole made in the Rod, fo as t 
Point of the Style may exactly anſwer to the mic 
dle of the thickneſs of the Rod; the Style me 
remain, if you would have it, to ſupport th 
Axis; but if the Axis be not very long, and 


it be ſtrong enough to ſuſtain it ſelf alone bein 
faſten 
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tened at one end, we may take away the 
ye when the Axzs is fixed on the Surface of 
he Dial. We may do the ſame, if we faſten to 
he end of the Style a Point of an Iron Myer, 
which there may be very ſmall, and- may rake 
way but the half of the thickneſs of the Rod, 
has the Dial being drawn to that Peint, there 
nothing to be done but to take it away to 
ace the Axis, whereof the middle of the 
thickneſs ought to anſwer to that Point; there- 
fore whether the Style remains to uphold the 
Axis, or whether we take it away when the 
His is fix d in its place, we muſt faſten it to 
the end of the Style to ſtay the end thereof, 
which ought to anſwer to the Center of the Dial 
fit have any. ; 


Fig. 33. We may make the Rod whichſerves 
ſor the Axis as it is marked in the Figure, ſo as 
the hole ſignied by A may be made to lodge 
he Point of the Style, and that it be let in as 
ar as the middle of the thickneſs of the Rod, the 
nM Point B which anſwers ow to the middle of 
cee Rod, ought to be applied exactly to the Cen- 
eller ot the Dial, this Rod being fo flayed at the 
ti boint B and at the Point A, we muſt taſten the 
foot C on the Plane of the Dial. 
nal But if you would not have a Foot to the Axis 


1s G, and that you would only fix the Rod to i 
de Center of the Dial, you muſt draw di- þ 
einers Lines which may paſs by the Center of 


2 H the 


„ 
the Dial, and ſtay the Rod on the Point of thy 
Style A, and by any other place, fo as the eng 
may enter in a hole made in the Plane of thy 
Dial at the place of the Center, may be divided 
by the middle ot its thickneſs by each Line thy 
paſſes by;the Center. 


Fig. 34. Alſo we may make uſe of a thin Plat 
which muſt be cut according to the Inclinatic 
of the Axis with the Subſtylar Line; it muſt be 
ſet perpendicularly on the Plane of the Dial, 
applying one of its ſides to the Subſtylar Line 
and the other ſide paſſing by the Point of the 

Style ſhall ſerve for the Axis. If you would dray 
on the Plate a perpendicular Line to that fide c 
it which is applied to the Subſtylar Line, and 
equal to the height of the Style, the which (hall 
repreſent the Style, ſo as the end of that Line 
meet with the other ſide of the Plate, that Line 
when the Plate ſhall be ſet in its place, ſhall ar- 
ſwer to the Style, See here divers Figures of 
theſe ſorts of Plates with their feet to faſten them 
on the Plane of the Dial. 
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"CHAP. XII. 
To Draw Dials Ly Reftection. 


O make a Dial that may ſhew the Hours by 
the Reflection of the Light of the Sn, you 
nuſt make uſe of a ſmall piece of poliſhed Met- 
l very even and flat; of a round form, and of 
ibont an Eighth part of an Inch in Diameter; 
d having placed it, and faſtened it in a place 
ery ſtable and immovable, we mark the Points 
Light on the Plaue Where we intend to draw 
e Dial, which ſerve inſtead of the Points of 
hadow,the middle of the Mirror or Glaſs ought 
be conſidered as the Point of a Style, whereof 
e find the foot in drawing from the middle of 
te Glaſs a Line perpendicular to the Plane of the 
Dal, the Point where this Line meets with the 
ng of the Dial , ſhall be the Foot of the 
le. | 3 3 
We may find the Subſtylar Line, the Equi- 
octial Line, the Center of the Dial and Me- 
lian by the practices, where we make no uſe 
f 55 5 Line, nor of the height of 
te Pole. 


Having 


Hz 
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Having found the Equinoctial Line, and th, 
Point where the Meridian Line interſects it, ve 
draw the Hours, following the Methods of th; 
Second Part of this Treatiſe. - $ 

Here it is to obſerved that if the Inclination 9 
the Glaſs be never ſo little changed, all the 
Dial will be conſiderably changed. Therefor 
theſe ſorts of Dials do very hardly remain many 
years in a good condition; for there alway; 
happens ſome alterations to the Wall on which 
they are fit. 

But if in place of the Glaſs we fill ſome ſmall 
Veſlel either of Glaſs or Pott ers Earth, of about 
an Inch in Diameter, with Water or Quick Sur 
ver, that Veſſel being put upon a place marked 
on ſome Tranſum ot a Window or the like, fo as 
you may always ſet it in the ſame place again, if 
you would take it away, the Reflection of the 
Light trom the Water or dc Silver, ſhall 
givethe Hours on the Dial of which we aw 
draw the Lines, as has been taught in the Fir 


and Second Part of this Work, in obſerving on we 
ly that the middle of the Super ficies of the Wate Fea 
or Quick Silver, ſerves for the Point of the Style Year 


and that the Operations which are made on th f 
Horizon below for the Dials, which gives th Dn 
Hour by theShadovw of a Point, ought to b "= 
m de on the Horizon above, and that which! Fe 
m.de-above in thoſe Dial; , in theſe Dial: t Nec! 
be made below, bu 
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CHAP. XIII. 


n crmning the Table of the Suns De— 
(litation, aud of t hoſe of t he Diff ee 
rence of Meridians of divers conſi- 
derable places in reſpect of Paris. 


He Tables of the Declination of the Sun 

which are at the end of this Work, is calcu- 
ted for the Meridian of Pars, and for each 
ly at Noon, on the {ide are the Differences be- 
yen the Declination of one day and that of 
ne next day following; they are made for Four 
ears following one another. The Firſt Year 
egins in 1681 , which is the Firſt after the Biſ- 
[xtile or Leap Year , the Second is the following 
ear 168 2, the Third is 1682, and the Fourth 
lear 1684. , 18 Biſſextile or Leap Tear. 

Then afterwards there follows a Table of the 
Diſſerences of Meridians of the principal places. 
MW! the Earth in reſpect of Paris; it is calculated 
n Hours and Minutes, and it ſerves to find the 
Declination of the Sun in all thoſe places at any 
Hour propoſed, There is alſo another Table 
Which is joyned to that, in which we may find 
H 3 the 


e 

the Latitnde or Height of the Pole of the ff 
places. 
We begin the Days in theſe Tables and in 
following Calculations, from each Day at No 
and continue it to the next following Day 
Noon, and we count the Hours to 24, ſoas i 
Third Hour in the Morning of any day pn 
poſed, is the Fifteenth Hour after Noon ot i 
preceding day. 


RELA 1.: * 


To continue the Tables of the Su 
Declination. 


JF you would have the Declination of the Sun 
for the Years following thoſe that are calc 
lated, you mult add to the Declination increaſin 
of each diy, and ſubſtrack from the Declinatio 
decreaſing after Four Years fully paſt, one Mi 
nute for 32 Minutes of Difference, half a M 
nure for 16 Minutes of Pifference, a quarter 
a Minute for 8 Minutes of Difference, and ſo d 
the reſt in proporti on, 


Exam 


1-7077" 


Example. 


If you would know the Declination of the San j 
or the 5th of January at Noon for the Year | 
1685, which is the Firſt Year after the Biſſex- f 
le or Leap Year, and is the Fourth that follows | 
othe Year 1681, whereof we have the Cal- [) 
lation in the Table, I find that the Difference 

between the 5t% and 6th of January 1681, is 

12 Minutes, and the Declination is decrea- 
ng; therefore I ſee that there muſt be ſubſtra- | 
:d about } of a Minute from the Declination of i 
ke 5th of January 1681, the which is 20 De- | 
yes 58 Minutes; and we ſhall have 20 degrees ö 
Minutes; for the Declination of the Sun the i 
rh of January at Noon in the Year 1685; if i 
here be Eight Years paſſed between the Year in 
ich you would have the Suns Deciination,and 
«Mat which anſwers to it in this Table, thar is 
phy , that which is equally diſtant from the 
zap Year, you muſt double this Correction; if 
ofF'de 12 Years, you muſt triple the Correction, 
nd fo forth. 


00 


3 Ih 


pre 


if 
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RULE IL ca 


To find the Declination of the Sun a 
all Hours of the Day. 


FFAving found in the Table of differences Ii 

the Suns Declination , the difference of th 
Declination of the Sun between the given Da 
and the next following Day, take the part prg 
portional of that Difference anſwerable to tl 
given Hours, which we add to the Declinatid 
of the fame Day if it increaſe, but ſubſtract it 
it decreaſe. 


Example. 


As to know the Declination of the Sun on t 
15:hday of March at 4 a Clock in the Afterno( 
for the Year 1683, I find in the Table that rh 
Difference between the 1 5th and 1676 day 182 
minutes and! (tor there is ſometimes 24 minutt 
and ſometimes 23 minutes) and rhe Declinalg 
ot the Sun for the 15th of March at Noon in tf 1 
Year propoſed 1683, being 1 degree 59 


nutes, to which here mult be added the pf 
portion 


17 


— 
— 
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zonal part of the Difference for 4 Hours,which 0 
the ſixth part of 24 Hours; therefore you muſt b 
uke the ſixth part of 23 minutes and }, which 
zabout 4 minutes, which being added to the [ 
beclination found 1 degree 59 minutes, be- i 
auſe the Declination / increaſes, and we ſhall | 
have 2 degrees 3 minutes, the Declination in- | 
creaſing on that Day at the required Hour; but 
fthe Declination were decrealing , we muſt ſub- 
tract the part proportional of the Declination 
found 1n the Table. 
MW Thisought to be underſtood of the Declina- 
ions of the Sun for the Meridian of Paras, as 
Dee find them in this Table, bur for other 
WY places on the Earth, they are to be reduced ac- 
"Wcording to the following Rule. | 


RULE III. 


L know the Declination of the Sun at 
agiven Four in auy flice that à ſet 
down in the Fable. 


He Table of Differences of Meridians of 
places which are here ſet down in reſpect 
af Para, with the word add or ſabſtradt ſhews 


how 


** — — — 3 — — — — _ —— — —— 


how mich later or ſooner it is Noon at Pg; 
than at that place; the chief uſe whereof ig 1 
know the Declination of the Sun at a givet 
Hut in any place ſet down in the Table. 


if the Sum exceed 24 Hours, we take the over 
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Therefore if you would know the Declinat 
on of the Sun at a given Hour in any place thy 
is in the Table, you mult find the Differency 
of its Meridian in reſpect of Pars, and joyn it 
to the given Hour , if there be add after it, and 


plus in the next following day to that as was 
given; but if there be found ſabſtract, we take 
that Difference of Meridians from the Hour pro- 
poſed ; but if the Hour be too little, add 244 
Hours to it, and then ſubſtract, and the re- pe 
mainer ſhall be attributed to the fore-going ns 
Day. 

Having therefore found this Sum or Difference I 
of Hours, we find the Declination of the Sun, 
for that Hour at Paris by the Second Rule, and y. 


you ſhall have that which you require for the Yi; 


given place. " 


Example, 


If we would know for Rome the Declination 
of the Sun for the 2 2th day of Auguſt 1682, at 
4 a Clock in the Morning. | 

Firſt, Becauſe the Hour propoſed is in the 
Morning, reduce it to 16 Hours after Noon 


on the 21th day of Auguſt, and having found , 
the 


107 

de Table of Differences of Meridians, that for 
dome I muſt ſubſtract 47 minutes, therefore I 
ae 47 minutes from 16 hours, and there re- 
mains 15 hours and 13 minutes after Mid-day 
in the 21thof Auguſt 1682 ; and by the Second 
aule 1 find that the Declination for that day and 
. Hour is at Paris'$ degrees and 15 minutes, 
Which is that which was required for 4 a Clock 
nan the Morning the 22th day of Auguſt 1682 


at Rome. 


Another Example. 


It you would know for Peking in China the 
Deciination of the Sun at 22 Clock inthe Morn- 
ng on the 25th of Fuly 1684. 

Firſt, becauſe the Hour propoſed is before 
Noon, I reduce it to the fore-going day , which 
will be the 24th of July at 14 Hours after 
' Moon, and J find in the Table ot Differences of 
he Meridians , that for Peking I muſt ſubſtract 7 
hours 45 minutes, the which being ſubſtracted 
from 14 hours, there remains 6 hours 15 mi- 
mes; therefore I ſearch by the Second Rule the 
Dechnation of the Sun for Paris on the 24th 
ot July , at 6a Clock 15 minutes after Noon, 
nthe Year 1684., and I find 17 degrees, and 
1 about 1 3 minutes which is theDeclination of the 

„for Pekins on the day and hour propoſed. 


Ano- 


net © ob 


3 
- . 


— —_— ” 


will be 22 Hours after Noon on the 2 


TT . —— — —— — — — N 2 + 
* 
* 


Lies 


Another Example. 


would know at (Quebec the Declination « 
the Sun on the 25th of March 1683, at 10 
Clock in the Morning , which being reduced 


0 
March, and ] find in the Table that I an A 
for Quebec 4 Hours 36 minutes, therefore w 
have the 24th of March at 26 Hours 36 mi 
nutes, or the 25th of March at 2 a Clock 36 
minutes after Noon, For which time in thi 
Year 1683, I find the Suns Declination to be 
degrees and about 30 minutes, which is that fo 


Quebec on the day and hour required.. 
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in ADVERTISE MENT 


concerning the Figures. 


Ere you muſt obſerve that the Dials drawn 
in theſe Figures, are not made expreſſy for 
place; for it is impoſſible to make the Mag- 
tude of the Lines which we muſt uſe equal to 
oſe that are here drawn: we ought only to fol- 
w the Precepts, and not to meaſure with the 
ympaſſes the length of the Lines, to ſee-if 
ey agree: For Example, altho we ſay make 
e Line à f equal to AS, yet theſe two Lines 
e not equal in the Figure, becauſe that ſome- 
mes one of the ends of the Line AS as S being 
be Point of the Style wh'ch is not in the Plane, 
he 2pparent Magnitude of that Line is not the 
ue Magnitude , and it alſo happens often-times 
Wat the Lines of the Figure anſwers not among 
hemſelves accord ing to the Diſcourſe which was 
lone to order the place of the Figures: it is ſuffi- 
ent to obſerve well after what Manner, of what 
Mag- 


Magnitude , and in what Angles we preſc 
to draw the Lines without depending on 
Figure which ſerves but to help the Imagi 
tion, and to guide you inthe Operations, ſeci 
that it is almoſt impoſſible to meet with u 
like Dial among a great number which we nu 
on the Planes propoled,as it is found ordinarily 
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ADVERTISEMENT: 


Have begutito travel for the Im preſſian of an 
intire Work of the Conique Sections, where 
ou ſhall find not only all the moſt excellent 
tings has been diſcovered in this patt of the 
atbematicks, but alſo a great number of new 
roperties which I havè dif covered , and where- 
f 1 have publiſhed voy one upon different 
afions. 
The Method of the Pri ncipal Demonſtration 
to my ſelf, and 1 haveuſed ir to a- 
age very much this whole Work; 1 have 
ven an Effay of this New Method, Which 1 
auſed to be Printed, concerning the Conique 
 W6:fions in the Year 16 75. 
See here in few words the order of theſe | 
' Miooks and what they contain. 

The Firſt Book contains the Lemma that are 
receſſary for this Method. 

The Second contains the original of the Three 
Comique Sections, with the Properties of their Dia- 
neters | and ali that which depends on a Line 
at harmonically or into two equal parts, the 
original of the Aſymptotes', and in the end di- 
fers Problems e on theſe Principles. 


o 
4 
The 
* 


Tue Third b relation of tłe O/ 
Eines to their Diameters, with the Rectt. ang 
of the parts of the Diameters, Parameters, 
that which concerns the Tangente VII 
The Fourth makes that appear which | is me 
conſiderable touching the A{ymptores....: 


The Fifth Book is fill'd with near} 4a me 
curious Pre Je upon the Conique Sections, 
In the Arth Web treated of equal ar 
like Secriout. 85 = i * 
| The Seventh is 77 a on th 

which is called the 1 1 teſt. 2 
& the Tir 


The Eighth treats on the Fa of 
Sections. 
In the Ninth Buok is is "raughit certain, mo 
plan e and moſt . uſeful Methods ae De 
iption of theſs Sections. \ 46A 
en I ſhewyou,j in an N 
manner we ought to reſolve, the & 
ons that have for their Baſes,.. Par 
boles and Elipſes , and alſo all: ' Cilinder 
ſame Species. 83 att 1 
Afterwards I demonſtrate at = -lam 
Methed, and without. difficulty, yea 
monſtrate all the Properties of the Copique $4 
HFions of whatſoeyer compounded kind the | 
are, I. draw them, from their | Cones or Pyra 


mids, which I diſtinguiſhed. by Co szol thi 
firſt kind., of the ſecond kind, rhe the thin 


kind, Cc. Theſe ſorts of Cones 1 — for thei 
Bac Circles of all theſe kinds, and then has 


vin 


ing explained after what manner we may render 
the Lemma of the firſt Book univerſal, I ex- 
plain in the ſame manner that which is the Se- 
cond Beck, 200 in one part of the following the 
&tions of all Cones of any kind. 

The Demonſtrations are the ſame as for the Se- 
fions of the firſt Cone, which is that which has the 
Mcircle of the firſt kind for its baſe : After that I 
ce not any thing that we can deſire more univer 
a, nor mere eũſie on this ſame Atiere. | 


The Approbation. 


H Treatiſe of the Gnomiqu: j 
or the Art of Drawing of Su 
Dials, compoſed by Mr. De la Hire 
hath been read to the Aſſembly of th 
Academy Royal of Sciences, mad 
the th of May 1682. 


J. B. Du Hamel Secretary of il 
Academy of Sciences. 


n 
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He Approbation ſeen, pe 
mitted to be Imprinted 
made the 23thof May 1682. 
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His Geometrical way of Mr. De la Hire 
for Drawing Sup- Dtials on Fixed Planes 
_ univerſal, The Inflruments thut are 
uſed to perform the Pratfice thereof are only a 
Plain Scalt and a Pair of Compaſſes for finding the 
dobſtylar and Eqsinetial Lines. on the given 
Plane, with the ſituation of the Ax of the Styie 
in reſpect of the ſaid Plane, the Obſervations be- 
ing made by the Sum frot ſeveral Shadows of the 
point of a Fixed Style fer upon the faid Plane. And 
by a Level and Plumb Line for finding the ſituati- 
on of the Meridian and Horiz.ynta! Lines of the 
Place on the Plass of the Dial; which Practice of 
Dialling he chiefly demonſtrates from the Inter- 
ſections of Plawes, the Doctrine whereof is con- 
ined in the 1 #th Book of Exclid's Flemont s. And 
becauſe he has given no particular Example of 
this general way of Dialling in this Treatiſe, l have 
thought good to add this Example following : 
A purucufar Example of bis General Method 
of Dialing Ntuſtrated by Numbers. | 
There is a Style fix'd on a Fixed Plane, whoſe 
perpendicular height is SP x inch 64 parts, er 
164 parts. Now, the Sun ſhining, if there be 
taken Two Points of Shadow of the top of the 
Style S on the ſd Plane, as A and B, on that day 
when the Suns Declination is 21 deg, 40 min. 
South, and that P B the Diftance of the Point B, 
my A from 


from P the foot of the Style may begs parts, and 
the Diſtance of the Point A from P may be PA 
z6 6 parts, and that the Diſtance of the Point 

from B may be BA 415 parts, 


Now from theſe things given , 1t 1s required 
to find the ſituation of the Subſtylar and Equine- 
tial Lines, and to find the Center of the Dial on 
the ſaid Plane, and to determine the poſition 
of the Axis of the Dial by Calculation. 


[ The Geometrical Operation of this is to be 
found in the Sixth Chapter, page 16th of thi 
Treatiſe, and in the ok Figure.] 


Firſt in the Right-angled Triangle S PB. 


There is given PS 164 parts, the perpendi- 
cular height of the Style, and PB 5 parts the 
diſtance of the Point of Shadow B from P the 


foot of the Style; 


TI.oo find the Vertical Angle PSB, and the 

Hypotenuſe S B, which is the length of the Ray 
of 105 Sun from the top of the Style S to the 
Point of Shadow B, 


The Proportion is as S P 164 parts, 
| Is to PB 55 parts: 
So is the Radius, 
Toe the Tang. of the Angle PSB 18 d. 372 


ECIjé1u, . 2 
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And as the Sine of the Angle PSB 18 d. 32 min 
Is to B 55 parts, 

80 is the dine of 90 deg. 
To SB 173 parts. 


Secondly In the Right - angled Triangle 8 PA, 
There is given the perpendicular PS 164 parts 
And the Baſe P 3 66 parts, 
To find the Ver ical Angle PSA and the Hypote- 
nuſe SA. 
The Proportion is, As 5 p 1 64 parts. 
Is to PA 366 parts, 
So is the Radius | 
To the Tangent of the Angle PSA 65 d. 52 m. 


And as the Sine of the Angle PSA 65 d. 52m. 
Is to PA 366 parts, 
So is the Sine of go degrees, 
To SA 401 parts. 
Thirdly 1n the Obliquangular Trian ple d Ki: 
There is given the two ſides [5 173 parts and 


ako b 68 deg. 20 min. the Complement 
of the Suns Declination. 


A 2 | To 


ſd ioo 2 at pleaſure, and the contained 


. — — 
— — — — > . — — - 
—— Fa — wt — * 


—__ ——— Rn os as — cw — — 


To ſind the other two Angles A and ſh, 
and thethird ſide 4b. 
From —— 280 deg. oo min. 
Take the given Angle ſb 68 20 


— — 


And there ſhall remain. —— 111 deg. 40 min. 


— 99 


The half whereof is —— 55 deg. 50 min. 


Then the greater ſide is ſb 173 parts, 
And the leſs fide is d 100. parts. 


Then as the Sum of the ſides 27 3.parts, 

Is to the difference of the ſides 7.3 parts: 
So is the Tangent of 55 deg. 50 min. 
To the Tangent of 21 deg. 30 min. 


The Sum is d b. 77 deg. 20 min. 
The Difference is ſh d 34 deg. 20 min. 


Then as the Sine of the Angle d 34 d. 20 m. 


Is to the Sine of the Angle 4/ 68 d. 20 m. 
Sd is /d 100 parts, 
To 4% 164 parts. 
Fourthly, In the Obliquangular Triangle ds: 


There is given the two ſides ſa 401 parts, and 


d 100 parts, and;the contained Angle d ſa, 


To 


To find the other two Angles ſd a and / 2, 
and the third ſide 44. 


Then the greater fide is ſ 401 parts 
And the lefs fide is — / d 100 ; 
Then as the Sum of the fidet 501 
ls to the Difference of the ſides 301 
So is the Tumgent of 55 deg. 0 min; 
To the Tangent of 41 31 


„% - 


The Angle ſds =—=97 21 
The Angle ſa4 =— 14 19 


I Then as the Sine of the Angle ſad 14d. 19 m. 


Is to the Sine of the Angle a ſd68 20 
So is ſd 100 parts, 
To da 376 parts. 


Fifthly,In the Obliquatigular Triangle BAT. 


There is given the Baſe BA t 5 parts, and the 


two ſides AT 376 parts, and B T 164 parts, 
To find the Segments of the Baſe O A ad B, 


and the perpendicular O T. 


A3 The 


( & ] 


The greater ſide is A T 376 parts, m 
The lefs fide is B T 164 parts, 
'The Sum of the ſides — 540 parts 

The Difference of the ſides 212 | 


x 


Therefore as the Baſe B A 415 parts, 
Is to the Sum of the {ides — 549 
So is the difference of the ſides —— 212 
To the difference of the Seg. of the Baſe 276 


Therefore to BA — 41 5 parts 


Addi —— 226 

8 = 
The Sum is 691 
The half Sum is AO — 3452 | th 


| = : 7 i Tan 
And from B A 415 parts, 
Subftract ———- 376 , | 


PheDiffercnce is 139 


— — 


Tune half is BO — 694. 


The fide BT is 164 parts, 
And B O is —— 69} 


The Sum is 2332 parts, Log. 2.367356 
The Difference is 95 parts, Log. 1.977724 


Sum Log. 4. 245080 


_ 


Half Sum Log. 2.172540 
"os, Log. of OT 149 parts. 
Sixthly;ln the Obliquangular Triangle BPA, 


There is given the Baſe BA 415 parts, and 
the two ſides PA 366 parts and P B 55 parts, 
To find B x and A x the Segments of the Baſe 


Ind the perpendicular Px. 


The greater fide PA 366 parts, 
Theleſs de PB ——" 55" 


Their Sum ig —— 421 
Their Difference is 31k 


Þ Therefore as the BaſeB A 415 parts, 
Is to the Sum of the ſides 4. 1 parts: 
do is the differen ce of the ſides 311 


12 — 315 


3 4 There. 


. — — 


[8] 


Therefore to BA — 4 | 
Add — — — A f 


3 3 4 2006 
* . 


The Sum is — m— 730 75 


— 

The ; isthe greater Segment A's, 365 
„5 ‚öü⸗ - 415 paru f 
Subſtract WA e vg 
The Differency.is ———— 100 


- Y wo 


— — — 


The z the leſs Segment R * 50 


Tha leſ⸗ de BP 55 i:! 
Nn nn: 


. 


The Sum is —. 105 Lag 2.02118 12 
The difference is FO ap —— 


+= 


The Sum ot the Log, = — 2720159 


The: Sum is the Log, of r * 237 #3609794 


BO 69 parts 
#:x.59 . 1 "ind [ 


Seventh- 


[9] 
th, in the Right-angled Triangle Þ G1, 


There is given the Hypotenuſe PI 2 0 
arts, and the fide P G 19 parts, b 


To find the lade GI. 


ts * greater de PI oo parts 
les hde'P G 19 


Their sum ＋ 19 parts, Log 20555 
Their difference 81 parts, Log 1. 90 3485 


——— 
The Sum of the Log. 3. 984532 


— 
4. 


ie 3 Sum is the Log. of Glg8 parts, 1.992016 
ightly, In the Right-angled Triangle K J 


i 
here is given KG 164 parts and OG 2 parts, 
lo find the Angle GR G, and the {ide OR. 


i ws 1 © \D 


1 Ihe proportion is as GK 1 164 parts, 
| Is to GO 23 parts: 
So is the Radius, ä 

Ir. the Tangent of the Angle GK O 7d. 59m. 


And 


[ 10 J 


And as the Sine of 7 deg. 59 min. 
Is to GO 23 parts: 

S is the Radius & 
To OK 166 parts. 


| 18 re 
Ninthly, In the Obliquangular Triangle ORD, 
There is given the Baſe O K 166 parts, 2 Kb 


OD 149 parts, equalto the Radi 
| micircle LD Fand KD g8 _ 


| To find the Angle OK D. he 


_ OD 14 parts 
Their Sum 247 
Their Difference 5 


Then as the Baſ OK So 
Is tothe Sum e _ aue 5 
So is the difference 51 | 


Therefore 


[ 14 1 
\crefore to OK 166 parts 
Add 76 


— — 


The Sum is 242 


be: Sum is O7 121 


And from O K 166 parts 
abſtract — 76 


— 


The difference is 90 


ſhe ; difference is K y 45 


ſhen as DR 98 | 
ls to K 45 257 
Pois the Sine of 90 degrees, 
Io the Sine &f che Angle K Dy 27d. 20 m: 


e Complement is the Angle DRy 62 40 
ubtract the Angle GRO —— 7 59 


emains the Angle DK 54 3: 


Tenthly, 


[- 12 } A 


Tenthly, In the Right-angled Triangle DRI b 

018 

There is given the Hypotenuſe DK 98 Par Tc 
and the Angle DK 54 degrees 41 minut 


Tl 


Te 


To find the perpendicular Dz and the Bil 
K z: | 


For as the Sine of D z K 90 deg. em 
Is to the Hypotenuſe DK 98 parts 
So is the Sine of the Angle D K ⁊ 544.41 m 
To the perpendicular DE $7 parts. 


Eleventhly , In the Right-angled Triangle 7 


6. 


There is given the Baſe PG Ig parts, 
And the perpendicular Q $0 parts, 
To find the Hypotenuſe Þ 9. 
The proportion is as. GQ $0 parts, 
Is to PG 19 parts: 
So is the Radius, 
To the Tangent of che Angle P G Q 13 deg, 
20 min. | 


And 


4 as the Sine of the Angle PQ 13d, 20 m. 


to P © 19. Par: 
\is the Sine of go degrees, 


| To P Q $2 parts. | 


[ 


vl Then from NP 1 64. 
Take — Nr 57 


—— _— — f 


emain— 1 P 107 
Twelſthly, To find PC; 


There is given Nr 57, and r M 82, and 


zl p 164 The Proportion is, 


As Nr 57 
Is to r M 82 

So is NP 164 
Io PC — 236 


Laſtly, 


nd 


14 
Lallly, To find PE, 


The Proportion is, As PC 236 5 1 
Is to PN 164 
So is PN 164 
To PE 114 


Now if the Plane of the Dial | 
on an upright Wall, the Meridia 
Line may be found as in the 1zt 
Chapter of the Firſt Part, Figure 1 4t 
and the Hours may be ſet on th 
Equinoctia l Line by the Firſt Chapte 
of the Second Part, Fig. 27. 


And Six Hours being given, th 


reſt may be found by the Third Chap 
ter of the Second Part. 


Or Four Hours and the Equino | 
crial Line being given, the reſt may 
be 


he 
| 1 


yn 
draw 
be 
Dial may 
the ] = 
nd mo ci 7 
1 the 
s in 


* 


*, 
„ 
>» 


* 


[ 
! 
| 
| 


